Pees San wis 
ua i ae ai 


a Ly ise Pee 


es cetera ES oma ¢ 
VOL. XuT MAY, 1902. 








Established by BENJAMIN SILLIMAN in 1818. 





THE 


AMERICAN 
JOURNAL OF SCIENCH. 


Epiror: EDWARD S. DANA. 


ASSOCIATE EDITORS 


Proressors GEO. L. GOODALE, JOHN TROWBRIDGE, 
W. G. FARLOW anp WM. M. DAVIS, or Camsripce, 


Proressors A, E. VERRILL, HENRY S. WILLIAMS anpb 
L. V. PIRSSON, or New Haven. 


Proressor GEORGE F. BARKER, or PHILADELPHIA, 
Proressor JOSEPH S. AMES, or BAttrmore, 
Mr. J. S. DILLER, or WasuHrincrTon. 


FOURTH SERIES. 
VOL. XIII—[WHOLE NUMBER, CLXIII.] 


No. 77.—MAY, 1902. 





NEW HAVEN, CONNECTICUT. 
1902. 





THE TUTTLE, MOREHOUSE & TAYLOR CO., PRINTERS, I25 TEMPLE STREET. 




















Published monthly. Six dollars per year, in advance. $6.40 to countries in the 
Postal Union. Remittances should be made either by money orders, registered 
letters, or bank checks (preferably on New York banks). 





MONTANA | 
TOURMALINITIC QUARTZ. 


We have lately secured direct from the locality an unusually large and fine 
lot of this interesting gem mineral. The occurrence was referred to in a 
former announcement, when two small lots arrived. The present collection 
embraces over 1200 crystals varying from 1 inch to 18 inches in length. A 
rough stem or ‘‘ core,” densely coated and filied with Tourmaline needles, 
sometimes protrudes from the end of the crystal including the most Tourma- 
line, This would indicate an unsuccessful attempt at Quartz crystallization 
in the presence of an excess of Tourmaline, the penetrating needles generally 
lessening in number as the opposite and perfect end of the crystal is 
approached. The Quartz is of the smoky variety, the inclusions giving it a 
greenish tinge. Excellent examples, some doubly terminated, from 1 to 3 
inches long, 10c. to 30c. each. Cabinet specimens 50c. to $3. Museum 
crystals at higher prices. 

Polished Cross-Sections are of exceptional beauty and interest, show- 
ing the delicate needles branching in every direction, Some exhibit shadowy 
hexagons concentrically arranged, indicating the crystal growth. 1} to 4 
inches diameter, 50c. to $4. 


AMETHYST CAPPINGS. 


In the same find are a few choice Amethyst crystallizations arranged in 
paralleled groups, often capping the smoky Quartzin aunique manner. 50c. 
to $6 for the larger. Excellent Amethyst crystals 10c. to 30c. each. 

‘Send your list of Desiderata. Many acquisitions find no mention here 
because sold before an announcement can be prepared. With the list before 
us a gap in your collection can often be filled. 


EDUCATIONAL COLLECTIONS. 


For 26 years we have supplied mining schools, universities, colleges and 
secondary schools throughout the world with mineralogical material. Dur- 
ing that period the quality of our elementary and advanced collections has 
steadily improved, so that to-day the highest grade of study specimens are 
offered at unprecedentedly low prices. An inspection of our Laboratory 
List will show that European minerals are sold not simply below American 
prices, but often at lower rates than prevail in Europe. The wide connec- 
tions of our European house alone permit this economy to the consumer, 
our prices being the same on both sides of the Atlantic. If in Paris this 
summer favor us with a call—15 minutes from the Opera Quarter. 


Illustrated Collection Catalog Free. 


The Largest and Most Complete Stock of Scientific and Educational Minerals 
in the World. Highest Awards at Nine Expositions. 


FOOTE. DCI SEAL. CO., 


FORMERLY DR. A. E. FOOTE, 


PHILADELPHIA, PARIS, 
1817 Arch Street. 24 Rue du Champ de Mars. 
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Art. XXVII.—Wotes on Living Cycauds. I. On the Zamias 
of Florida; by G. R. WiELAND. 


THE Cyeads of Florida have recently been found by Webber* 
to include with certainty two species, Zamia floridana DC., 
and Z. pumila L. It is hence not known that Z. augustifolia 
Jacqueminot,+ and Z. integrifolia Aiton,t are represented in 
Florida at all, or if indeed these latter are two distinct 
species. Nothing short of the comparison of plants from 
many localities, both insular and from the mainland well to the 
south, will settle this point, and also determine whether any 
other species than Z. floridana and pumila are indigenous 
to Florida. 

The excellent fignre given as that of Z. integrifolia in L. Cl. 
Richards’ Monograph on the Conifers and Cyeads (1828) is 
doubtless referable to Z. pumila L., the broader pinnules of 
which give the foliage of this plant a distinctly different 
appearance from that of Z. floridana. This, however, is not 
given as the only reason for the presentation of carefully drawn 
figures of the latter species. Illustration has improved in 
three-quarters of a century. Moreover, the discoveries, both 
botanical and paleobotanical, of the last half-dozen years 
have added extraordinary interest to our American cycads, 
showing them to be of elementary and fundamental impor- 
tance from the student’s point of view. The classic work of 
Webber, and of Ikeno and Hirase, has made this especially 
clear. 

Fortunately our abundant living cycad material may be 
readily had in most northern laboratories, it having been found 
by Webber (loc. cit.) that the fertilization processes, especially 


* Spermatogenesis and Fecundation of Zamia. (Pp. 1-92 and 7 plates.) 
Bulletin No. 2 of Bureau of Plant Industry, Washington, Dec. 28, 1901. 

+ Coll. III, 263, Ins. Baham. 

¢ Hort. Kew. 3, p. 478. London, 1789. Ind. occ. 
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the formation of the motile antherozoids, may be studied for 
several days after the cones are cut from the parent plant, thus 
making it possible to study all the phenomena of fructification 
from cones sent north from Florida, and perhaps even from the 
more accessible of the West Indies. The crucial dates for Z. 
Jloridana, as determined by Webber (loc. cit.), are as follows: 


(1) Pollination takes place the last of December and first of 
January. 

(2) Germination of pollen and growth of prothallial apparatus 
from January 1 to June 1. 

(3) Division of second prothallial cell, giving rise to the stalk 
cell and central cell, February 15 to March 10. 

(4) The blepharoplasts first appear about March 1 to 20. 

(5) The gradual development of the central cell blepharoplasts 
and prothallial apparatus continues from March 1 to May 30. 

(6) The prophase of division of the central cell appears about 
May 20 to 25. 

(7) Spermatozoids mature mainly between June 1 and 15. 

(8) Fecundation takes place mainly between June 1 and 165. 


In the case of Zamia pumila, Webber (loc. cit.) found that 
in 1897 maturation of the spermatozoids and fecundation took 
place fully three weeks later than the dates above given, 
although pollination and the first appearance of the blepharo- 
plasts occurred at about the same time as in Zama floridana. 
The latter is however much more uniformly fertilized. 

The present notes are mainly based on some fifty specimens 
from the Miami region, obtained for me by Mr. W. S. Dickin- 
son of Miami, Florida. These arrived in the latter part of 
November last in good condition for planting. The various 
plants taken together showed well what an exceedingly inter- 
esting plant Zamia floridana is in every way. All the trunks 
were in full and still green foliage, and many bore the already 
large and fine cones such as are shown in the accompanying 
illustrations. 

As is well known, among the living cycads we find the 
largest ovules seen in the vegetable kingdom, although it is 
wholly significant that these structures are comparatively small 
in the Bennettiteze. In figure 1 the curious fact is well shown 
that ovulate cones, even many months before the gametophytes 
are fairly mature, are often distinctly larger than the under- 
ground trunks which bear them. As a trunk may bear several 
ovulate cones, this contrast in size may become even greater. 
Large mature cones are several inches longer than the young 
unfertilized cones here figured. As in all cases, however, 
where the sporophylls are closely organized into typical cones, 
appression faces form, and to a large degree remodel and thus 
partially conceal the original characters of the component parts, 
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Figure 1.—Zamia floridana DC. 
Miami, Florida, Nov. 15, fully six months previous to fecundation. 
la,—Entire plant. x \%. 
a, main trunk (underground). 
b. position of an old branch. 
c. secondary tap root running out from the main foliage-bearing 
trunk, which is itself secondary. 
d. primary or original tap root. 
1b.—Cone (ten-ranked) seen in la. x ¥%. 
1c.— Transverse section of a different cone. x 4%. Eight sporophyl- 
lar ranks are seen, These cones vary much in size as well as 
in number of sporophyllar ranks, which may be odd or even. 
The number of sporophylls in each rank also varies. 
1d.—Single sporophyll with ovules attached. x 1. 
le.—Pinnule showing dichotomous venation. x 3%. 


limiting especially the spaces occupied by the ovules. These 
do not hence reach the immense size of those borne free on the 
carpels of the less compactly set strobili of the genus Cycas, 





334 G. R. Wieland—Notes on Living Cycads. 


the mature seeds of which, though not very greatly larger than 
the ovules, reach in the species Cycas (Thouarssii) circinalis 
the size of goose eggs. 

For some reason the trunk shown in figure 1 branched early, 
without both branches surviving. Or perhaps the branch that 
may have arisen from 4, figure 1, after vigorous growth, has 
lost connection with the original tap root. A branch or crown 
does not necessarily cease to grow after bearing cones. 

The free branching of these cycads is one of their most 
interesting characteristics. A male or female plant often gives 


FIGURE 2.—Zamia floridana DC. & x15. 
Miami, Florida, Nov. 15. 

A slightly bifurcated trunk, bearing three cones and nine leaves on the left 
and two cones and ten leaves on the right. The trunk is shown as if cut 
away about on, or a little beneath, the ground level. In many instances only 
the fronds and cones appear above ground. 


rise to a whole clump of the same sex. Professor Macfarland 
reports a plant with 39 staminate cones. Also, when a trunk is 
cut off below the crown of leaves several new crowns may form, 
and it is even said that “ pieces of the trunks will grow like 
potato cuttings.” This strong tendency to reproduce by means 

of branches recalls the closely branched clumps of Cycadeoidea 
' Marshiana from the Black Hills. In one instance, as figured 
by the writer,* there are five closely set branches, four being 
of very large size. 


* Yale Scientific Monthly, March, 1900. 
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In figure 2 is represented a typical main branch of a male 
trunk in full fruit which has just begun to form a second 
bifurcation. The other main branch, bearing a single large 
male cone, is not shown. In the large main branch as figured 
two cones are borne by the left and three by the right of the 
newly forming branches. 

So far as can be seen on the outer surface, these Zamia 
trunks, as first dug up, are rather smooth, and do not appear at 
first sight to -possess the outer armor of spirally arranged leaf 
bases so characteristic of other cycadean forms. Just below 


3 





Figure 3.—Zamia floridana DC. x %. 
Miami, Florida. 

a. Upper third of long and slender young trunk with leaves cut away, 
and the surface lightly cleared of scaly and hairy material to show the slowly 
disappearing remnants of old leaf bases. Further down, that is on the lower 
two-thirds of the trunk, the leaf bases are indistinct. 

All of the trunk as well as all of that portion of the petioles shown at the 
summit was subterranean. 

b. Transverse section of the same trunk cut further down at thickest point, 
showing the central pith or medulla, the xylem or wood zone, and the 
cortical parenchyma irregularly traversed by vascular bundles. There is no 
armor, this being replaced by a very thin corky layer. 


the petioles of the crown of leaves there is a thin and rough 
covering of scattering scale-like bodies and fine hairy material. 
Below this the trunks appear to be irregularly ridged horizon- 
tally, these ridges soon disappearing, so that the lower half or 
two-thirds is quite smooth in most places, and the armor of old 
leaf bases absent. 
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But that these trunks do not differ greatly from other forms 
is shown in figure 3. The scaly material below the crown of 
leaves, and, lower down, the horizontal ridges just mentioned, 
are the remnants of a true ramentum which is constantly dis- 
appearing below as the age and size of the trunk increase. 
And when this ramental material is lightly scraped off above, 
preferably from a vigorous young trunk, the somewhat carrot 
or turnip-like appearance is lost, and the spiral order of the 
remnants of the leaf bases of former years is clearly to be seen. 
The trunks of the Floridean cycads are hence, notwithstanding 
their subterranean habit and unusual appearance, typical in 
every respect. The slow elimination of the old leaf bases is 
doubtless due in their case to growth in a protected underground 
position, and may hence be a trunk habit secondarily acquired. 
The subordinate position of these, comparatively speaking, 
dwarf plants, as underbrush in large forests of pines, and in 
the denser “hammocks” in the case of Z. pumila, has, together 
with differential climatic change, probably, therefore, resulted 
in the course of time in some diminution in size, an under- 
ground habit, and nearly complete removal of the armor. 

Unquestionably the most inter- 
esting single point observed in the 
cycads sent by Mr. Dickinson was 
the presence on one of the cones 
of a pinnule of normal form and 
structure which had evidently 
grown out from beneath the outer 
hexagonal tip of one of the upper 
abortive sporophylls. Figure 4 is 
a faithful drawing of this monstrous 
cone, so far as I know the second 
thus far observed to bear leaf-like 
growths in the Cycader.* When 
unpacked the pinnule it bere was 
still somewhat green. As the par- 
ent plant was in good condition 
and at once planted, it was thought 
that its examination could be some- 

Ficure 4, — Zamia floridana What deferred. But unfortunately 
DC. x. when the cone was examined a week 
anor Florida, Nov. 15. later, the pinnule, which was at 
fonstrous ovuliferous cone, ,¢ 
with sporophyll at (a) bearing first strongly attached, had leosened, 
a pinnule of the normal struc- so that its insertion was no longer 
ture and form seen in this distinct. The thin sections I made 
a eh of the sporophyll to which it had 


* An anomalous 9 sporophyll of Zamia Leiboldii Miq., bearing three 
sporangia, has been figured by Mr. Worsdell, Vascular Structure of the Sporo- 
phylls of the Cycadacex, pl. xviii, fig. 25 (a), Ann, of Bot., vol. xii, No. xlvi, 
June, 1898. 
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plainly belonged showed a strengthening of the vascular 
bundles next the border in contact with the base of the pinnule. 
But this part had suffered from wilting, so that I could not get 
as good evidence of attachment as 1 could have wished. For 
the sake of exactness I must explain therefore, that while my 
figure 5 without doubt represents faithfully the condition 
of several weeks earlier, 

it is not the condition 

found when the cone was 

examined. 

This pinnule did not 
therefore grow in the ex- 
act position of the ovule 
in a normal and fertile a ae me ; - 
sporophyll, but proxi- anne (a) sak quabese dhamrersi figure 4. 
mally on the same bor- 
der. The two onter angles of the sporophyllar rachis may 
then be considered as being at once spore- or pinnule-bearing. 
The evidence that the entire structure is a modified pinnate 
leaf, just as in the case of the carpophylls of Cycas, is over- 
whelming. 

The first example of such monstrous cycad cones recorded, 
so far as I am aware, is that of an Encephalartos villosus Lem. 
described and figured by Sir W. T. Thiselton-Dyer in the 
Annals of Botany (vol. xv, No. lix, Sept., 1901, p. 549). In 
this case there is a very extended reversion. The barren sporo- 
phylls of the summit of the cone become more and more 
frond-like, until one of them rises as a distinct once pinnate 
frond. Although truncated, and reduced in size, this frond 
presents all the essential characters seen in the frond of £. 
villosus. The twelve pinnules it bears are expanded and notched 
in a normal manner. “The other modified carpels present,” 
says Thiselton-Dyer, “are however so generalized that without 
the help of the more fully developed leaf their equivalence 
would be scarcely intelligible. This much is clear: the solid 
expanded peltate carpophyll is nothing more than a@ trans- 
Sormed foliage leaf and capable of being replaced by it.” The 
italics are mine. 

The significance of such structures is unmistakable. To 
speak of these growths as “monstrous cones” is almost mis- 
leading. They are simply reversions exhibiting evolutionary 
stages which may at any time be found in fossilized forms of 
the ancestral line. When an Encephalartos raverts we find 
the growth preserving unmistakable characters of its genus and 
species; and likewise in the quite different form of reversion 
just described in Zamia the phenomenon falls within the same 
category. The main specific characters are preserved. 
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Having already discovered the pollen-bearing fronds of 
Bennettites (this Journal, March, 1899, and June, 1901), the 
description by Thiselton-Dyer interested me very greatly. I at 
once thought it probable that such cones might frequently 
occur, and that in the case of male cones there must be great 
likelihood of the reverted fronds eventually being found fertile. 
A few weeks later the Zamia cone above described was 
obtained. It is to be hoped that all-such cases of reversion 
may be recorded. They promise to relieve us of the necessity 
for much speculation, and to be fully’ as important in our own 
morphological conceptions as have been the cones of other 


gymnosperms in the hands of Celakovsky’, or probably much 
more so, because these forms yield us a knowledge of very 
primitive conditions. We are already in some measure guided 
when we attempt to form an hypothesis of the manner in 
which prothallial elimination must have proceeded in some 
marattiaceous or older fern line ancestral to the gymno- 
sperms. At least the series from ordinary cycadean foliage 
leaves through the carpophylls of Cycas to the less leaf-like 
sporophyll of the cone (simply a seed-bearing branch) of Dioon, 
and the ordinary much altered sporophyl! of the other cycadean 
genera, must be regarded as a connected one. And as I have 
elsewhere pointed out, the staminate fronds of the Bennettitese 
afford concerning the codrdinate changes which took place in 
microsporophylls an explanatory analogy of the most striking 
character. Progressive prothallial elimination, with correlated 
spore differentiation and alteration of the frond-like sporo- 
phytes of primitive ferns ef the marattiaceous or an ancient 
allied group, were the basal factors in the evolution of the 
Cycadofilicinean and Cordaitean alliance. This subject of 
fundamental importance I shall treat more definitely else- 
where. 

The question of the homology or equivalency of the Cyca- 
dean ovule to pinnules comes up in this connection. But I 
certainly think that the testimony of other unusual cones which 
we are almost sure to find in the course of time will be much 
more satisfactory than any insufficiently founded speculation, 
and shall therefore content myself with pointing out the opin- 
ion of Thiselton-Dyer (loc. cit.) thus conservatively expressed : 
“* * * * an ovule is a sporangial structure, and it is not easy 
to see anything in a pinna which is in any way comparable to 
it. Morphological conceptions must not enslave us, and I see 
no reason why sporangial structures, like buds, may not appear 
anywhere.” 


Yale Museum, New Haven, Conn. 
January, 1902. 





Van Name—Crystals of Crocoite from Tasmania. 339 


Art. XXVIII—On Crystals of Crocoite from Tasmania ; 
by R. G. Van NAME. 


A RECENT addition to the Brush Mineral Collection of the 
Sheffield Scientific School consists of a series of specimens of 
crocoite from near Dundas, Tasmania, purchased from the 
Foote Mineral Company of Philadelphia. These specimens, 
which are interesting on account of the diversity of develop- 
ment of the crystals and the unusual habit which many of them 
show, include both separate crystals and groups attached to the 
gangue. The latter is a cellular limonite more or less coated 
and intermixed with a black oxide of manganese (wad), but 
showing no trace of lead or chromium minerals other than the 
crocoite. In the cavities of this material, which has evidently 
come from a zone of oxidation, the crocoite crystals occur in 
irregular groups or loosely adherent masses. 

Two distinct types of development are shown by the erys- 
tals. The habit exhibited by the detached crystals, and by a 
number of smaller individuals still in position upon the gangue, 
is quite different from that illustrated by Palache* for crocoite 
from this locality, and is not mentioned by Daubert in his 
detailed description of crocoite from Brazil, Siberia and the 
Philippines. Typical specimens of this habit are characterized 
by a remarkable elongation of the prismatic faces, the unit prism 
being the predominant form, and giving the crystals a nearly 
square cross-section, since mam’=93° 41’. Four of the crys- 
tals of this type are from 40 to 64™" in length, with a diameter 
measured across one of the prism.faces of from 1 to 2™", and a 
number of others, including several fragmentary crystals, have 
a relative length only slightly less. The faces of the unit 
prism are lightly striated longitudinally, but are in other 
respects smooth and even with sharp and well-defined intersec- 
tions, the whole development of the prism being generally 
surprisingly regular. In all cases, as far as was observed, the 
crystals are of uniform diameter throughout and show no 
tendency to taper. The terminal faces upon the crystals of 
this type usually show a high polish and give excellent reflec- 
tions. They ‘are chiefly domes, but the base ¢ (001) and the 
pyramid ¢(111) are often present though rarely prominent. 
No doubly terminated crystals of this type were observed. 

With one exception all the faces observed were known forms, 
of which the orthodome & (101) and the clinodome 2 (011) are 
the most persistent. The new form is a clinodome 7 (032), 
which was found on but one crystal. 


* This Journal, i, 389, 1896. + Ber. Akad. Wien., xlii, 19, 1860. 
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A typical specimen of the habit above described is repre- 
sented by figure 1.* The faces present are the prism m (110), 
the clinodomes 2 (011) and w (012), the base ¢ (001), and the 
orthodome 4 (101). The crystal from which this drawing 
was made is 64™ in length and unusually symmetrical. Its 
diameter across a prism face is 1°6™". To represent this crystal 


1 






































therefore in its true proportions the figure should be more than 
seventeen times the length here shown. Still simpler crystals 
of this type are terminated by the domes z and & alone. 

Figure 2 was drawn from a slightly more complex crystal 
which shows, in addition to the forms present on the specimen 
just described, the prisms d (210) and, (120), and the pyramid 
¢(111 

The crystals represented in figures 3 and 4 are unsymmetri- 
cally developed, and the relative size of the faces has been as 
far as possible preserved in the drawings. Figure 3 shows the 
erystal upon which the new clinodome 7 (032) was observed. 
It appears on only one side of the crystal, but the face is well 
defined, gives a good reflection and can be accurately meas- 
ured.. From the measurements to the two 2 faces, which 


* In this and all the following figures the plan is rotated through an angle 
of 18° 26’, as shown by the arrow, thus preserving the vertical relation 
between corresponding points in the plan and the clinographic projection 
below. This mode of representation has been used in a previous article from 
this laboratory by Robinson (this Journal, xii, 180, 1901), where its object is 
further explained. 
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varied very little upon repeated trial, the position of the base 
e was interpolated and the angle caj (0014032) was thus 
found to be 53° 10’, caleulated 53° 18’. On the opposite side 
of the crystal the clinodome y (021) takes the place of 7. 

Another crystal of very similar habit but still more distorted 
is represented by figure 4. Here again the y face appears on 
one side only. 

Dauber,* among many previously unrecorded forms for 
crocoite, mentions but one new clinodome (085), and this he 
designates as doubtful. Although this index differs but little 
from (032), the calculated angle upon c (001,085) is 55° 3’, 
which is nearly two degrees larger than the measured value of 
caj. The index (085) can therefore hardly be assigned to the 
face 7. Moreover, several other forms whose indices contain 
the 3 to 2 relation are known to occur upon crocoite. 


~ 


0 




















The other type of crystal referred to above is the one gener- 
ally associated with this mineral, short prisms terminated 
chiefly by the simple pyramids ¢ (111) and v (111) with various 
modifications. These crystals are usually small and not infre- 
quently doubly terminated. Two examples are illustrated by 
figures 5 and 6. Figure 5 represents a very common habit 
terminated by the pyramids ¢(111) and v(111), and figure 6 


* Loc. cit. 
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shows a more highly modified crystal which has the prisms 
m (110), d (210) and f (120), the pinacoid a (100), the pyramid 
t(111), the base ¢ (001), and the orthodomes £ (101) and @ (301). 

This type of crystallization is shown by two of the specimens 
in the Brush collection, both of which consist of an aggregate 
of small, rather loosely intergrown crystals. A little of the 
limonite gangue is attached to each of them, and as far as can 
be judged the occurrence of the crystals of this type is the 
same as that of the slender prismatic crystals, although in no 
case were individuals of both types observed upon the same 
specimen. 

A list of all the forms observed is given below. It should 
be noted that no attempt was made to identify any but the 
most prominent prismatic forms, on account of the tendency 
to striation which seems almost invariably to accompany any 
modification of the unit prism. 


a, 100 c, 001 t, 111 z, O11 
m, 110 k, 101 v, 111 w, 012 
d, 210 x, 301 y, 021 
Ff, 120 *), 032 


These Tasmanian crystals of crocoite with their superb color, 
high luster and remarkably perfect crystallization, are most 


beautiful natural objects, scarcely surpassed by crystals of any 


other known mineral. 
The generous advice and assistance of Prof. S. L. Penfield, 


which has been constantly given during the preparation of this 
paper, is gratefully acknowledged by the author. 


Sheffield Laboratory of Mineralogy, 
Yale University, New Haven, Conn., February, 1902. 
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Art. XX1[X.—WNotes on Unusual Minerals from the Pacific 
States ; by H. W. Turner. 


Mineral Phosphates. 


Pyromorphite.—This lead phosphate is found abundantly 
in the Rocky Mountains and elsewhere, but, so far as known, 
has not yet been reported from the Pacific slope. Mr. G. W. 
Kimble, of Placerville, California, sent some specimens of 
quartz from a vein in Mosquito Gulch, about six miles north- 
east of Placerville. This quartz contains a little galena, and a 
yellow-green mineral supposed by Mr. Kimble to be pyro- 
morphite. The yellow-green mineral was tested by Dr. 
Hillebrand and found to be pyromorphite. It occurs as color- 
ing matter in botryoidal chalcedonic quartz, coating seams and 
lining cavities; and also as little crystals along seams in the 
quartz. Mr. Kimble states that the vein occurs in gneissic 
rock near granodiorite, and that it contains, besides the pyro- 
morphite and galena, a little pyrite and gold. 

Monazite.—This phosphate of the cerium metals occurs 
usually in granites and gneisses, notably in North Carolina* 
and Brazil,t but is known to be common in many parts of the 
world in sands. Mr. Waldemar Lindgren reports monazite in 
abundance in the Idaho Basin, twenty-five miles NNE. of 
Boise City. It is usually called “ yellow sand.” The monazite 
occurs in small grains, and is presumed to have come from the 
surrounding granite. Its occurrence here in considerable 
quantity is of interest, as later it may serve as a source for the 
rare earths of the cerium group used in the manufacture of 
the mantles of Welsbach and other similar burners. North 
Carolina and Brazil now furnish the commercial monazite in 
sufficient quantity for this purpose. 

A patite.—As is well known, apatite is a very abundant con- 
stituent of many granodiorites and other igneous rocks, in the 
form of minute grains and prisms. The composition of this 
apatite probably varies, but to determine its character in a spe- 
cific instance a gneiss was selected (No. 1743 Sierra Nevada 
collection) which contains a relatively large amount of this 
mineral. This gneiss was collected in the canyon of the North 
Fork of the Mokelumne River east of the mouth of Bear River. 
It is one of a series of old gneisses possibly Archeant in age. 

*H. B. C. Nitze, 16th Ann. Rept. U. S. G. S., pp. 667-693. This article 
gives a complete description of monazite as to its chemical composition, 
crystallographic character, distribution, production and bibliography. 

+O. A. Derby, this Journal, vol. vii, 1899, p. 348. Mining and Scien- 


tific Press, Aug. 21, 1897. 
+H. W. Turner, 17th Ann. Rep. U. S. Geol. Survey, Part I, 1896, p. 700. 
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The gneiss is composed chiefly cf plagioclase, amphibole, 
pyroxene, reddish brown biotite, quartz, with accessory pyrrho- 
tite, titanite, magnetite, zircon and apatite. 

The heavy minerals were separated from the other constit- 
uents by means of the Thoulet solution. The magnetite was 
extracted with a horse-shoe magnet, and the amphibole, pyrox- 
ene and biotite with an electro-magnet. The remaining powder 
contained titanite, zircon and apatite. This was examined 
chemically by Dr. W. F. Hillebrand, who states that “the 
apatite contains a very small amount of chlorine, but appar- 
ently no fluorine whatsoever; at least it could not be detected. 
Neither does there seem to be hydroxyl replacing fluorine or 
chlorine.” It thus appears in this instance that the apatite is 
neither a fluor- or a chlor-apatite. 

Vivianite (Fe,P,O,+8H,O).—Prof. H. G. Hanks* reports 
this mineral from the Bree ranch in Los Angeles Co. asso- 
ciated with asphalt. The vivianite is in small enclosed nodules, 
never larger than a pea and generally smaller. 


Silicates. 

Chloropal.—In the Palmetto Mountains and in the southern 
part of the Silver Peak Range in Esmeralda County, Nevada, 
‘there are numerous dikes and interbedded layers of light 
colored acid lavas (meta-rhyolites and meta-dacites) in cherts of 
Ordovician age. These cherts, or rather layers of thin slate in 
them, contain the remains of graptolites. In one of these 
streaks of acid lava at a point about fifteen miles SW. of 
Silver Peak village, there was found a vein of yellowish-green 

material having the following composition. 


Analysis of yellow-green material, 


By GEORGE STEIGER. 
Per cent. 


Insoluble less SiO, soluble in Na,CO, after treat- 
ment with HCl 
SiO, soluble after treatment with HCl 
Fe,O, soluble in HCl 
CaO ” “ 
MgO 6 $s 
i eaiih bine nie taenniina A aks wnipgsigiidinireineiien none 
H,O caleulated by difference ‘t 
CO ” from CaO 


2 


100°0 


Leaving out the impurities, CaO, CO,, and insoluble material 
and calculating to 100 per cent, we have: 


* 4th Ann. Rep. State Mineralogist of California. 
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SiO, soluble in Na,CO,..-.. 44° 


The composition of the yellow-green mineral thus determined 
corresponds nearly with chloropal. 

Diopside.—tIn the Palmetto Mountains in Esmeralda County, 
Nevada, there are a few small areas of serpentine at or near 
the contact of granite and other rocks, either acid metamorphic 
lavas or cherts of Ordovician age. Associated with the ser- 
pentine are bunches of limestone, and at one point a streak of 
garnet and magnetite. 

In the serpentine was found a considerable amount of a 
monoclinic pyroxene, which was separated and analyzed. 


Partial analysis of pyroxene No. 323 from serpentine mass. 
GEORGE STEIGER, analyst. 


This pyroxene is evidently near diopside in composition, and 
it is possible that it is of metamorphic origin from dolomite, as 
has been shown to be the case at Montville, N. J., by G. P. 
Merrill.t The serpentine is presumed to be derived from the 
pyroxene. 

Vesuvianite.—It is well known that at the contact of granite 
and limestone various silicate minerals often form from the 
action of heat and vapors of the intrusive granite on the cal- 
careous material. At such a contact in the NE. part of the 
Silver Peak quadrangle a silicate mineral was found associated 
with garnet and quartz. This silicate, freed from the associated 
minerals by means of the Thoulet solution, was analyzed with 
the following results (p. 346). Boron was looked for but not 
detected by blowpipe test. 


Sulphates. 


Jarosite.—On the east side of Soda Springs Valley in Esme- 
ralda County, Nevada, at the edge of the foothills by the road 
to the Vulcan Copper mine, there is quite an amount of a 
golden-brown micaceous mineral, the origin of which was not 

* Includes any TiO, and P.O, that may be present. 

+ Includes any FeO, calculated as Fe.Os. 


¢ On the Serpentine of Montville, N. J., Proc. U. S. Nat. Museum, vol. xxii, 
pp. 105-111. 
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Analysis of Vesuvianite No. 186. 
GEORGE STEIGER, analyst. 


| _ SRETESNat as 
SE ccircicbiel oii Queatsee eine 
Na,O } 


RN NE abe er 9 


99°92 


99°56 


investigated. The nearest railroad station is Luning. Some 
of this material is said to have been used as a pigment for 
paint at the Midwinter Fair in San Francisco. The mineral 
was examined by Dr. W. F. Hillebrand, who made the follow- 
ing report : 

“The mineral is a basic sulphate of sodium and ferric iron 
which if freed from foreign matter might agree in formula 
with jarosite. This is a potassium salt of formula 

K,O03Fe,0,4S0,6H,O, or written structurally 
[SO,],[Fe’’(OH),],K, since the water is constitutional, 
not being expelled below redness.” 

“The pure crystallized sodium salt does not seem to have 
been heretofore observed. The mineral contains a small frac- 
tion of a per cent of potassium with nearly 6 per cent of 
sodium.” 

Nickel minerals. 


About three miles from Candelaria, Nevada, east of the road 
to Columbus, is a nickel deposit. Specimens sent by Mr. 
A. C. Dwelle were examined by Mr. E. T. Allen, of the Geo- 
logical Survey, who found a sulph-arsenide of nickel, perhaps 
gersdorffite, and a green hydrous magnesian silicate genthite, 
present. 
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ArT. XXX.—On the Use of the Stereographic Projection 
Jor Geographical Maps and Sailing Charts; by 8. L. 
PENFIELD. 

[Continued from p. 275.] 


Stereographic Map of the United States.—A much reduced 
copy of the map made by the writer is shown in figure 21, and 
it should be said regarding it that it was drawn solely for the 
purpose of making a practical test of the accuracy with which 
measurements may be made with a scale of miles on such a 
projection, therefore not much detail is shown. As far as 
may be told by the eye, the map does not give the impres- 
sion of being different from others with which we may be 
accustomed, but, owing to the fact that it is stereographic and 
so projected as to show minimum distortion, it is believed that 
it is the best kind of a map, embracing so large an extent of 
country, which can be made. The cities shown on the map 
were located from the following data, mostly taken from the 
Encyclopedia Britannica : 


Latitude. Longitude. Latitude. Longitude. 

Albany, N. Y. 2 73° 32’ | Olympia, Ore ie ae 
Baltimore, Md 37 | Philadelphia, Pa. .. 39 57 75 10 

Boston; Maes, ...-.....- 42 Portland, Me. __. .. 48 39 70 15 
oe er Portland, Ore. ican ae 27 
Pt. Isabel, Tex. _._- 26 5 5 
Columbus, O. Raleigh, N. C. ____- .. 385 47 48 
Denver, Colo, ..-..----- 39 45 Richmond, Va. __- . 87 32 2743 
Duluth, Minn. --------- 46 y San Diego, Cal. __...... 32 S 
Hartford, Conn San Francisco, Cal. = 22 25 
Helena, Mont Springfield, Tl. _-  . 33 
Indianapolis, Ind. ------ 39 St. Augustine, FI. .. 29 16 
Key West, Fl 24 St. John, New Brunswick, 45 5 
Lansing, Mich. 84 St. Louis, Mo. ......... B { 15 
Linpola, Men, .......... 40 5 St. Paul, Minn 5 
Nashville, Tenn. __._... 36 86 49 | Trenton, N. J. ______-- 464 
New Haven, Conn. ----- 48 72 564) Vancouver, B. C 6 

55 90 00 | Washington, D. C._____- 003 

43 74 00 





To loeate places with accuracy a sliding scale, figure 22, may 
be used to advantage. It consists of a system of equally’. 
spaced, diverging lines, drawn on some transparent material 
such as tracing cloth or parchment paper. To locate Indian- 
apolis, 39° 47’ N., 86° 6’ W., for example; on the nearest 
meridians, 85° and 87°, the approximate latitude is marked 
with a soft pencil, and the scale is adjusted so that its outer 
lines cover the meridians at the points indicated. The lines of 
the scale then subdivide the space between the meridians into 
eight sections, each corresponding to 15’. The middle line of 
the scale gives the position of the 86th meridian, the next 


Am. Jour. So1.—Fourts Ssrizs, Vou. XIII, No. 77.—May, 1902. 
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dashed line gives 86° 15’, and a point a trifle less than half 
way between them determines a point on the desired meridian, 
86° 6’, which is then transferred to the map by puncturing 
with a needle point. Through the point thus found a short 
line is drawn parallel to the meridians, and over it the sliding 
scale is again adjusted so that its outer lines cover the nearest 
parallels, 39° and 41°, when the desired latitude 39° 47’, is 
located on the meridian 86° 6’ by puncturing through the scale 
just above the dashed line indicating 45’. Using the method 
just described, it is probable that places were located on the 
map within two miles of their true position, the chances being 
that the average error was less than a mile. 

Any straight line drawn through the center of the map, 
39° N. 97° W., figure 21, accurately represents the track of a 
great circle, and the map corresponds to so small a portion of a 


























hemisphere, figure 20, that even near the gr at where dis- 


tortion is greatest, a great circle does not differ much from a 
straight line; this may be tested by applying a straight edge to 
one of the outer meridians, which show the greatest curvature. 
Moreover, distortion on the map is so slight that very satis- 
factory measurements may be made with a scale of miles, and, 
because of the evident importance of this simple method of 
making measurements, this property of the map has been very 
thoroughly tested. The examples chosen include distances over 
all sections of the map, and they are sufficiently numerous to 
give a satisfactory average idea of what may be accomplished 
by such methods of measuring. The adoption of a scale of 
miles suitable for a given map is a matter deserving special 
consideration. Taking distortion into account, it is evi- 
dent that a scale of miles adapted to the center of a stereo- 
graphic map, figure 21, would be too short when used near the 
periphery, and vice versa. As, on the other hand, the distor- 
tion over the whole extent of the map is not very great, it was 
assumed that a scale of miles could be found which would give, 
on the average, satisfactory results when applied to any part 
of the map. Accordingly the distance from the center of the 
map, 39° N., 97° W., to a point near the periphery, 37° N., 
69° W., was selected as the basis of a scale of miles. The dis- 
tance measured 35°08 on the map, and was found by caleula- 
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tion to be equivalent to 22° 4’, or 1526 statute miles : hence 
by simple proportion it was determined that 1000 miles were 
equal to 22°986™. The scale of miles thus determined would 
be a trifle too long for the central portion of the map, too 
short for the outer portions, while there should be an inter- 
mediate portion for which it is approximately correct. 
Accordingly three circles were drawn about the center of the 
map, rather empirically it is confessed, which may be regarded 
as approximately defining certain zones to which the scale of 
miles is applied. The results of the measurements will be 
given in groups, according to the zones in which they are 
made. For future comparison measurements made on the 
polyconic map of the Geological Survey, referred to on page 


2738, are also given. 
Group I. 








Poly- | 


Calcu- : Co J 
Error. |rected. | Error. | conic. | Error. 


lated. | 


Philadelphia to Trenton 28; 2 es Fe 34) +6 
New York to Buffalo 297 | 297, 0} 290) —7 
New York to Chicago 710 710 Oj} 11) +1 
Buffalo to Duluth | 700 | ets RTD 713) +13 
New York to New Orleans 1166 1165, —1 | 1188) +22 
Buffalo to Raleigh 491 Gee ee 512) +21 
Nashville to Raleigh 446 | 449 _ SD eee eae 468) +22 
Nashville to Lansing 474 | 471 ee 35 i 479, + 5 
Baltimore to Columbus____----| 346 | 349 RG ottrek t20 367) +21 
Indianapolis to Lansing | 2238 | 220 | —8/ _.--| -.. | 280|.+7 


In the foregoing group the distances measured fell almost 
wholly in the intermediate zone, between circles I and II, 
figure 21, for which the scale of miles is approximately cor- 
rect. Since New York lies slightly beyond circle II, slight 
corrections, which will be explained later, have been made in 
three cases, but they do not materially alter the results. The 
maximum variation, + 3 miles, is scarcely greater than prob- 
able errors of plotting and measuring. 


Grovp II. 








Calcu- | Meas- Cor- |_ | Poly- 
| lated. ured. Error. rected. | Error. | conic. | Error. 


San Diego to Portland, Me. ____; 2620 | 2617 —3 2624) +4 | 2657 +37 
Duluth to St. Augustine 1311 1307 —4 | 1813) +2 | 1844 +33 
Helena to Denver 587 5838 —4 585) —2 | 592) +5 

Lincoln to Springfield, Ill | 394 388 —6 | 392) —2| 384 —10 
St. Paul to New Orleans 1048 | 1040 —8 ; 1048) 0} 1062 +14 
St. Louis to Denver 794 785 —9, 793) —1 | 796 +2 

New York to Denver 1630 1623 —7 1631) +1 | 16385 +5 

New York to San Francisco___.| 2569 2564 —5 | 2570) +1 | 2587) +18 
Portland, Ore. to New Orleans _| 2056 | 2048 | —8 | 2055; —1 | 2093) +37 
San Diego to Duluth 1631 —5 | 1639) +3 | 1660 +24 
Olympia to St. Augustine 2507 | —7 | 2515! +1 | 2546) +382 





In the foregoing group all of the measurements are too low, 
but it is noticeable that the variation in no case amounts to ten 
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miles. By reference to the map, figure 21, it will be seen that 
the lines of measurement between the places indicated fall, for 
some distance at least, within the inner circle, this being the 
region of least distortion, for which the scale of miles is some- 
what too long. By applying a correction, which consists sim- 
ply of adding one mile to every hundred falling within the 
inner circle, and deducting one mile per hundred for distances 
extending beyond circle II, the corrected measurements, as 
shown by the table, are all remarkably close to the truth, 
exceeding two miles in but two cases. 


GrovpP III. 





! 
| 


Calcu- | Meas- Poly- 


Cor- | 
lated. ured Error. rected.) Error. | conic. | Error 


Richmond to St. Augustine -... 578 | 583 | +5 580 +2 596 +18 
San Diego to Helena 997 | 1004 +7 | 1001; +4 1030 +33 
Portland, Me. to Portland, Ore. 2529 | 2535 | +6 2529) 0 2565 +36 
Boston to Hartford 91 91 
New Haven to Albany 98 99 
Washington to Boston P 393 396 
Key West to Pt. Isabel 961 | 968 964, +3 975 +14 
Portland, Ore. to San Francisco 534 543 535) +1 556, +22 


| 90/ —1 100 +9 
| 
Richmond to St. Augustine_._.. 578 | 583 | é 580' +2 | 599) +21 


98 0 111; +13 
392) —1 411; +18 


Vancouver to San Francisco _.__ 797 812 798; +1 838) +41 
Olympia to San Diego 1037 | 1054 | +17 1043) +6 | 1086) +49 
St. John, N. B. to Key West.._| 1672 | 1703 | +31) 1681! +9 | 1754) +82 


In this third group the measurements, with one exception, 
are all too high, but, excepting the last three measurements, to 
which special attention will be called, no variation amounts to 
as much as ten miles. By referring to the map, figure 21, it 
may be seen that the measurements are of distances extending 
beyond circle II, this being a region on the map where distor- 
tion is greatest and for which the scale of miles is too short. 
By applying the correction mentioned in the previous para- 
graph, subtracting one mile per hundred for distances falling 
between circles II and III, and, further, two miles per hundred 
for distances beyond circle III, the corrected values show but 
little variation from the calculated. One measurement, Rich- 
mond to St. Augustine, falls just within circle II, and belongs 
strictly in Group I, with an error of five miles, but it has been 
placed in Group III, allowing a correction of one-half mile per 
hundred. The last three measurements are of long stretches 
near the edges ef the map, extending somewhat beyond circle 
III, but the correction applied to them gives satisfactory 
results. St. John, N. B., lies so far beyond circle III that the 
correction assigned to it is somewhat uncertain. 

Thirty-three measurements are recorded in the foregoing 
tables, and the results indicate that with a map of the United 
States, accurately plotted in stereographic projection, very 





352 Penfield— Use of the Stereographice Projection for 


close measurements may be made with a scale of miles, mak- 
ing no correction, or allowance for distortion. Except in the 
case of long stretches on the Atlantic or Pacific coasts, for 
which a reduction of one or two miles per hundred should be 
made, no uncorrected measurement between places accurately 
located should give an error of over ten miles. By applying 
very simple corrections, as indicated, it may be assumed that 
measurements made on any part of the map are probably cor- 

rect within three miles. The error of the corrected measure- 
ments exceeds six miles in only one case, that being from St. 

John, N. B., which lies considerably beyond circle ILI, to Key 
West. Excepting the last two measurements of Group III, 
the errors of the corrected measurements amount to four miles 
in only two cases, and the average error is less than two miles. 
It is doubtful whether there is any other method of projection 
which will give an equally good map of so large a country as 
the United States, and one upon which better results of meas- 
urement may be obtained by means of a scale of miles, than 
those recorded in the foregoing tables. For a country con- 
taining as many square miles as the United States, but more 
symmetrical in shape, a better scale of miles could be adopted 
than the one used in making the measurements recorded on 
pages 350 and 351. 

On the original map, from which the measurements referred 
to on pages 350 and 351 were made, one mile equals 0°23"" or 
0-009 inch; the scale of the map being practically 111 miles 
to the inch. A scale of miles based on the average of all the 
recorded measurements was found to be 229°53"" equal 1000 
miles, a most satisfactory agreement with the one adopted, 
229°68"™", which, as explained on page 349, was based upon 
the distance from the center of the map to 37° N., 69° W., 
near the periphery. 

No stereographic protractor has been made to accompany 
the map of the United States, but to make one graduated to 
either miles or degrees would involve no difficulties. By 
means of a protractor the results would be exact, considering 
of course the limitations of making a map and reading scales 
exactly. Certainly the errors would seldom amount to more 
than two miles, and it may also be said that it would be almost, 
or perhaps quite, as easy to make measurements with a pro- 
tractor as with a scale of miles. 

Stereographic Map of New York State.—It may be a matter 
of some interest to know whether it would be worth while to 
apply the principles of the stereographic projection toe an area 
as small, for example, as New York State. Numerous methods 
of projection may be applied to so small an area, with results 
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which would be in every way satisfactory, as far as the prac- 
tical use of the map ‘is concerned, but it is believed that, in 
case extreme accuracy is required, one would be well rewarded 
by using the stereographic projection, especially as the labor 
involved in making the map is a matter of no special con- 
sideration. It took the writer less than three hours to make 
all calculations necessary for laying out the map shown in 
figure 23, and the work was done in duplicate in order to 
check possible errors. The size of the original map is 164 by 
12 inches, and, considered as projected on a central plane, 


oF 
wt 


























cp RES. Fee rT — a. 73 
L__ ABO Region of toast Distortion 77 Pratestien Slercegraphic SL. Penpeis set, 100 

















Outline Map of New York State in Stereographic Projection. 


figure 16, it is based upon a sphere of 15 meters, 49 feet, 
diameter. The scale of miles adopted was based upon a dis- 
tance of 3°, stereographically projected, measured from the 
center of the map: this gave as one mile, 0°947"", or 0°037 
inch. As a practical test of the accuracy with which measure- 
ments may be made on such a map, six measurements were 
made from the intersections of meridians and parallels, as 
indicated on the map, and given in the table, as follows : 
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Calcu- 
lated. Measured. Error, 
I. From 42° N., 79° W. to 45° N., 74° W. 3825°2 3253 +0°1 
II. e es Aa Fs . © 43 N., 73 W. 308°4 303-2 —0°2 
im, * ‘@s- 3, . * 41 N., 72 W. - 385°3 385°3 0°0 
N., 


”? 
ss ee 74 . © 41 N., 74 W. 2766 276°4 —0°2 


> 
¥.. * @@ Bt . “41 N,, 74 W. 2811 2810 —01 
VL “ 41 N., 60 . © 41 N., 72 W. 4174 4175 +0°1 


It will be noticed that the maximum error given in the table 
does not exceed 0°2 mile, and this is to be attributed largely 
to the excellency of the method of projection. It should be 
stated that on this map, as also on that of the United States, 
previously cited, measurements of distances were in all cases 
made with a millimeter scale, and were converted to miles by 
simple proportion, using logarithms in making the caleula- 
tions; hence, in determining the results, there was absolutely 
no personal bias, or possible unavoidable tendency to favor the 
reading of the scale so as to make the errors smal]. The tables 
show exactly what may be done on such maps, except that 
even better results could be obtained by those having more 
skill and experience in map drawing, and better appliances for 
measuring. On a map of so small an area as that shown in 
figure 23, the course of a great circle deviates but very little 
from a straight line. Thus, the line AS, at the right, is 
straight, and it may scarcely be told that it differs from the 
seventy-second meridian, which is a portion of a circular are, 
drawn with a cnrved ruler. 

gm ca of the Stereographic Projection to Navigation. 
—The writer has been given to understand that no body of 
men are so conservative as mariners, and that they are fully 
committed to the use of charts based upon Mercator’s projec- 
tion, to which they have been long accustomed ; also that per- 
haps the majority of seafaring men abominate nothing so much 
as a chart with only curved lines on it. In spite of these 
strong prejudices, however, it is believed that charts based 
upon the stereographic projection possess so great merit, that 
it would well repay any navigator to study into their possi- 
bilities. 

Although the shortest distance between two places on a 
sphere is along the arc of a great circle, it is not always best to 
continue to sail along the course of one great circle, for it may 
lead into too high latitudes, or into regions where unfavorable 
winds or ocean currents may be anticipated. Aside from the 
consideration of winds, ocean currents, and latitude, however, 
which must be studied into and reckoned with for each par- 
ticular problem in navigation, there must always be some sav- 
ing of distance from following great circles, rather than 
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rhumb courses. Moreover winds and ocean currents, although 
they may not be counted on as proceeding along great circles 
for any considerable distance, are likely to follow them, while 
they can have absolutely nothing in common with the direc- 
tions of rhumb lines on a Mereator’s chart. Wherever a 
navigator may be, it certainly would be to his advantage to be 
able to find the great circle, or shortest course, and the dis- 
tance, to his port of destination, and also his bearings at any 
point along the route; all of which may be determined with 
ease and exactness with a stereographic chart and a protractor. 
Moreover, none of them may be determined directly by means~ 
of a Mercator’s chart, although the bearings for rhumb courses 
may be found on the latter. There are some who strongly 
recommend the use of two charts for purposes of navigation, 
one gnomonic, the other Mercator’s. bn the former, all great 
circles are represented by straight lines, hence the shortest 
course between any two points is easily found, and may then 
be transposed to a Mercator’s chart ; but still this combination 
of the two charts does not give a much desired factor: the 
distance from any point where the navigator may be to his 
desired point of destination. 

In order to demonstrate the practicability of the stereo- 

raphic projection for purposes of navigation, a chart of the 

orth Atlantic Ocean has been prepared, shown much reduced 
in figure 24. The original chart measures 17 by 27 inches, 
and is based upon a sphere of 12 meters, 3 feet 114 inches, 
diameter, regarding the chart as made on a tangent plane at 
39° N., 45° W. Thus, although the scale is smaller than that 
employed in making the map of the United States, much the 
same data were available, as the point of tangency for both is 
on the thirty-ninth parallel. 

To really appreciate the merits of the chart it must be 
studied in connection with its accompanying protractor, figure 
25, which, for the purpose, need be but a small portion (that 
near the center) of a protractor such as shown in figure 10. 
As the protractor is on a large scale (agreeing with the chart) 
both great and small circles corresponding to every degree may 
be shown on it without causing confusion. With a single 
illustration it’ is possible to show the protractor in only one 
position, and that chosen in figure 25 indicates the way it may 
be applied to the problem of sailing from New York to the 
English Channel along the ares of great circles. It is impos- 
sible to sail along one great circle; and to show this with 
the protractor it would be necessary to turn the latter about its 
center until one of its great circle ares extended from New 
York to the Channel. The great circle which does this runs 
from New York City, just south of Boston, along the northern 
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, partly covered by a Protractor, centered at 


, the portions projecting beyond the map not being shown. 
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Stereographic Chart of the North Atlantic Ocean 


The original protractor is semicircular 








edge of Nova Scotia and through Newfoundland, a distance 
of 17°; then from the eastern shore of Newfoundland, lati- 
tude 48° 45’, it stretches across the ocean for a distance of 
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29° 45’ (1785 nautical miles) to the Scilly Islands, at the 
entrance to the Channel. To travel by water, a course about 
parallel to the south shore of Long Island may first be fol- 
lowed for about 3° (180 miles) to a point off Nantucket: then 
a great circle course marked I, figure 25, may be followed for 
about 8° (480 miles) to a point a, about 30 miles south of 
Sable Island: from a, the great circle course marked II extends 
for a distance of 8° 20’ on one side of the center line of the 
protractor and 27° 44’ on the other, a total of 36° 4’ (2,164 
miles) to a point b, about 30 miles southwest of the Scilly 
Islands. The total distance traveled along the courses indi- 
cated, from New York to J, is 2,824 sea miles, every portion of 
which may be kept track of by means of the protractor. At 
A, figure 25, a sliding scale is shown which is intended to be 
used between the small cireles of the protractor for estimating 
fractions of a degree. Let it be supposed that a navigator has 
brought his ship to the point south of Sable Island, marked a, 
figure 25; he has only to turn the stereographic protractor to 
the position shown in the figure in order to find the great 
circle course leading from a to the point off the Scilly Islands 
marked 4. Some intermediate point or points along this course 
being indicated on the chart, the great circle which it is 
desired to follow could be traced in pencil on the chart, using 
a curved ruler, which any ship’s carpenter could make. The 
speed of the vessel being known by the log, the run of every 
few hours might be checked off, measuring the distance trav- 
eled by means of the stereographic protractor. Thus close 
track could be kept of the position of the vessel, which, of 
course, would be controlled by observations whenever possible. 
If driven from the proposed great circle course by any circum- 
stance, it would only be necessary to determine the position of 
the ship by observations, and, by means of the protractor, to 
find some other great circle leading to the point of destination. 

A feature of great circle sailing is that bearings must be 
changed at frequent intervals, the only exceptions to this being 
when a course is due north or south on a meridian, or east and 
west on the equator. Since angles are preserved in the stereo- 
graphic projection, bearings may be taken with ease and exact- 
ness from a stereographic chart. Attention has already been 
called to methods of measuring angles, page 256, but this 
matter is so important to the navigator that it is considerad 
best to add still another example, showing how an angle may 
be measured on a chart, such as that of the North Atlantic 
Ocean. Figure 26 represents a tracing from the writer's 
chart, figure 24, without reduction, a being the point of 
departure on the great circle GC leading to the English Chan- 
nel. The chart, though not on a very large scaie, is still so 





Geographical Maps and Sailing Charts. 359 


large that short portions of great circles differ but little from 
straight lines; hence an ordinary protractor, printed on trans- 
parent material, may be used. To take the departure at the 
intersection of the great circle GC with the fifty-ninth 
meridian, figure 26, the protractor is centered at the intersec- 
tion, adjusted so that its 0-0 line matches the meridian, and 
the departure is determined by where the great circle (more 
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Measurement of the Angle made by the Great Circle GC with the fifty- 
ninth Meridian by means of an ordinary protractor. 


strictly, a tangent to it at the point of departure) cuts the 
graduation of the protractor, which, as shown in the figure, is 
about 614°. Continuing on the great circle, figure 25, the 
angle of departure continually,increases until at the twenty- 
first meridian it is 90°, or due east, and at the intersection of 
the seventh meridian, near }, figure 25, it is about 114° south 
of east. 

The aggregate saving of time and money would doubtless 
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be enormous if the commerce of the world, which is now car- 
ried in ships, followed great circles, whenever it is advantage- 
ous to do so, instead of rhumb courses as indicated by the 
Mercator charts now in genera! use. To be sure, many experi- 
enced navigators practice great circle sailing, and have fol- 
lowed the ocean pathways for so long a time that they are 
thoroughly familiar with them: with stereographic charts and 
protractors, however, their problems would be still less com- 
plicated ; in fact, the practical workings of the stereographic 
charts and accompanying protractors are so simple that any 
intelligent person would soon learn to use them, and great 
circle “sailing would, if anything, be made even easier than 
rhumb sailing. 

On figure 24 considerable land is shown in the upper left 
‘hand corner of the chart, and places located there are rather 
far from the center, where distortion is considerable. In spite 
of this, however, distances such as from New York to Chi- 
cago, Boston to Washington, Duluth to St. Augustine, or 
across the ocean from New York to Paris, were measured with 
accuracy by means of the protractor, the error amounting in 
one case to three miles, but averaging less than one and one- 
half miles. 

Comparison of the Stereographic with the Polyconic Pro- 
jection.—Reasons for making this comparison are because of 
the interest of the polyconic projection as being the one 
employed by the United States Coast and Geodetic Survey, 
which department is responsible for most of the official maps 
issued by our government; and also because it has been 
claimed that, of all methods of map projection, the polyconic 
is the most accurate for limited areas. It is further claimed, 
as one of the advantages of the polyconic projection, that 
parallels on the maps are of the same length as on a sphere of 
corresponding dimensions, which is true, but when the several 
cones are flattened out, or, what amounts to the same, when 
the parallels are plotted on a flat surface, the curves do not 
remain parallel, as on a sphere, but diverge as they depart 
from the central meridian. 

One of the simplest ways to make a comparison between 
two maps is to draw them both to scale on one sheet, and the 
result of doing this with the stereographic and polyconie pro- 
jections is shown in figure 27, the full lines having been traced 
from the writer’s stereographic map, figure 21, page 348, and 
the dashed lines from the U.S. Geological Survey map referred 
to on page 273. The outline of the United States is stereo- 
graphic. The central meridian is a straight line, and the 
spacing of this for a distance of 12° from the center is near ly 
the sane on both maps. Other meridians are circular ares on 
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the stereographic, irregular curves on the polyconic map. The 
thirty-ninth parallel is the same for both projections ; while in 
the polyconic the twenty-seventh has a larger, and the forty- 
seventh a shorter, radius than the corresponding parallels of 
the stereographic projection. Based upon a sphere of 1:8 
meters diameter, the radii for describing the three parallels 
mentioned are as follows : 

Parallels 39° N. 47° N, 

Stereographic. .... 148°05°™ 111°14™ 90°22 

Polyconic .......- 176°63 111°14 83°93 


By examination of figure 27 it may be seen that near the 
center the two projections are nearly alike, while near the 
periphery there are decided differences, the stereographic 
showing less distortion than the polyconic. Take, for example, 
Key West and St. John. Their positions are indicated by 
dots in the stereographic, and by circles in the polyconie pro- 
jection ; hence it is evident that when measured with a scale 
of miles, their distance apart must be considerably greater in 
the polyconic than in the stereographic projection. Moreover, 
owing to distortion, the distance measured with a scale of 
miles on the stereographic map, page 351, is already too great. 
As regards the measurements made with the scale of miles 
accompanying the polyconic map of the survey, it should be 
stated in all fairness that the errors given on pages 350 and 
351 are to some extent misleading, for undoubtedly exactly 
the same data were not used for locating places on the poly- 
conic map as were employed by the writer. For the purpose, 
however, of illustrating that the stereographic projection is 
better than the polyconic, the comparison is a perfectly fair 
one. There is one noticeable feature of the measurements 
made on the polyconic map; namely, with two exceptions, 
the measured distances are too great, hence it is evident that 
a somewhat better scale of miles might have been chosen than 
the one published with the map. No scale of miles, how- 
ever, would give such satisfactory results as were obtained 
from the stereographic map and given on pages 350 and 351. 

In a publication issued by the U.S. Coast and Geodetic Sur- 
vey,* entitled, “ Methods and Results. A review of various 
Prajections for Charts in connection with the Polyconie Pro- 
jection used in the Coast and Geodetic Survey,’ a brief 
summary of the principal methods of map projection is given. 
Referring briefly to the more common projections, including 
the orthographic, stereographic, gnomonic or central, and some 
modifications of the globular, the following statements are 
made: 

* Report for 1880, Appendix No. 15. 
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“The above perspective projections, in their applications to 
astronomy and geography, are usually confined to the repre- 
sentation of a hemisphere, and but rarely to smaller surfaces. 
For the purposes of land and sea charts on a large scale and 
consequently of quite limited extent, they are not well suited, 
for one or more reasons: they are generally laborious of con- 
struction when embracing limited areas, and cannot be made 
to satisfy any special conditions which they do not already 
possess, but which may be of paramount importance, or they 
may possess certain features which are not desirable on the 
chart. We thus come to the construction of maps and charts 
by so-called development. These are of comparatively modern 
origin, whereas the preceding three principal perspective pro- 
jections were all known to the ancients.” 

The writer has taken the liberty of italicizing two of the 
statements of the foregoing paragraph to which decided excep- 
tions are taken, in so far as they relate to the stereographic 
projection. It may be stated, however, that the conclusion 
arrived at on page 12 of the survey publication just referred 
to, that their “investigation tends to commend the harbor, 
coast and sailing charts of the Coast Survey to the fullest con- 
fidence of the geographer as well as of the mariner,” is wholly 
justifiable, provided the charts do not cover too large an area. 
In an example cited of an area about like that of New York 
State, but plotted on a somewhat larger scale than the writer’s 
map, page 353, it is stated* that “for so short a distance as 
three or four hundred miles and in latitudes below 45°, the 
error in distance, as compared with the arc of a great circle, is 
generally less than two-tenths of a mile.” By reference to 
page 354, it may be seen that a like conclusion was obtained by 
the present writer from the actual measurement of distances 
on his stereographic map of New York State with a millimeter 
scale. 

In conclusion, it may be stated that for an area as large as 
the United States the stereographie projection is better than 
the polyconic, and for smaller areas the same must hold true, 
although the differences between the two projections may then 
be scarcely appreciable. The stereographic projection is as 
good for one part of a sphere as another, which is not true of 
the polyconic projection: the latter, for example, would not 
be at all suitable for a map of the polar regions. Other advan- 
tages of the stereographic projection are that distortion is 
symmetrical about the center, or point of tangency, and by 
means of a stereographic protractor great circle courses may be 
indicated, and measurement of distances made, with exactness. 


* Methods and Results, loc. cit., page 12. 
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Some Advantages of the Stereographice Projection over other 
methods of map making now wm general use—The writer 
wishes it distinctly understood that he lays no claim to being 
an expert on the subject of map projection. It was wholly a 
matter of accident that in the study of crystallography his 
attention was called to the desirability of making the stereo- 
graphic projection more generally useful, and its application 
to map projection followed as a natural sequence. During the 
rather short period which has been devoted to the special 
study of maps, pains have been taken to gain as much informa- 
tion as possible concerning modern methods of map making, 
and, what is at times called, map reading. This has been 
derived from conversations with scholars and teachers, and 
from examination of geographies and text books on map draw- 
ing. Some generalizations, therefore, though coming from 
one who is neither a geographer nor a chartographer, may not 
be out of place. 

From an educational standpoint it seems as though decided 
advantages would follow from the adoption of such an excel- 
lent method of map making as the stereographic projection. 
From a study of figures 1, 2 and 16, pages 247, 248 and 269, or 
still better, of actual models, any scholar possessing the faculty 
of comprehending geometrical relations would see and under- 
stand what projection means, and would have an idea of the 
principle upon which stereographic maps are based. As it is 
now, many methods of making maps are in use, and there are 
few scholars, or teachers even, who have definite and correct 
ideas of how maps are constructed. The writer’s limited 
experience is fully in accord with the following statement by 
an eminent geographer, J. W. Redway :* “Of the principal 
(map) projections perhaps one in twenty is familiar with the 
name Mercator, while in audiences aggregating more than one 
hundred thousand teachers the writer has found scarcely one 
hundred who are familiar with the others.” Map drawing, if 
practiced at all, seems generally to be done in the lower grades 
of the secondary schools in the United States, and there is 
something wrong about the manner of presenting the subject 
if teachers know little or nothing of the methods of plotting 
parallels and meridians, the most essential part of map drawing. 
On the other hand, let it be assumed that one has made a most 
careful study of the methods of map projection: In excep- 
tional cases it may become necessary to draw a map, when a 
knowledge of how certain projections are made would be most 


useful. In the majority of cases, however, even a very good 


knowledge of the subject may be almost valueless, because the 
makers of maps seldom state the method of projection employed 


* The New Basis of Geography, The Macmillan Co., 1901, page 161. 
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in constructing them. This is a grave error, which should cer- 
tainly be corrected. Every map which is published should be 
ag ms by a statement of the method of projection used 
in making the same. As it is at the present time, maps are 


plotted in various ways, and if one is called upon for an expres- 
sion of opinion concerning any map, it is highly probable that 
the projection on which it is based would not be recognized with 
certainty. Let it be assumed that one of the simplest projec- 
tions, the conical, is recognized; the map might have been 
made upon a tangent cone, with either central projection, 
figure 28, or projection at right angles to the conical surface 














Ss 


Tangent Cone, with Central Pro- Secant Cone, with Projection 
jection. at right angles to the Conical 
Surface. 7 


as in figure 29; or the map might have been made on a secant 
cone, with projection at right angles to the conical surface, 
figure 29, or central projection, as in figure 25. How then may 
one pass judgment on a map, based on the conical projection, or 
some other which is not recognized with certainty, and tell, for 
example, whether a measurement, such as from New York to 
San Francisco is reasonably exact, or perhaps one hundred 
miles out of the way? The present writer has long entertained 
the belief that measurements made on maps with the scales of 
miles accompanying them are only approximately correct, 
and this has been confirmed by numerous trials. Take, for 
example, the stretch from New York to New Orleans: This 
has been repeatedly measured by the present writer with 
results varying from 1170 to 1236 miles, while the calculated 
distance is 11664 miles. The results of map measurements made 
with accompanying scales of miles are almost invariably too 
great, according to the writer’s experience. This is conspicu- 
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ously shown by the test of the polyconic map, pages 350 and 
351, where only two measurements are too low, and by a like 
test on another large map of the United States (unknown pro- 
jection), where, on measuring the same distance, only three 
results were found to be low. It was a labor well worth what 
it cost to show that, on a stereographic map embracing an area 
as large as the United States, measurements may be nade with 
a scale of miles (taking no account of corrections) with errors 
seldom exceeding ten miles, and averaging only about five. 

It seems to have been taken too much for granted that 
accuracy in map projection is a matter of minor importance. 
As stated in a recent publication,* “accuracy is the one virtue 
that cannot possibly belong to a flat map.” This statement 
impresses the present writer as being far too sweeping, since 
there may be accuracy in the projection of the meridians and 
parallels ; accwracy in delineating the continents and locating 
places ; and, provided the stereographic projection and protrac- 
tors are used, accuracy in determining great circle courses and 
measuring distances. To be sure, the shapes of continents can 
not be just the same on a flat surface as on a sphere, yet by 
means of the stereographic projection they may be shown with 
so little distortion, or with distortion of such a character, that 
the eye scarcely detects any change of shape. In the teaching of 
geography accuracy may be made a feature of map making and 
map reading, and that this is not more generally done is largely 
because geographers and teachers have been accustomed to use 
methods which, to say the least, are not the best, and in some 
cases are known to be poor. Why should it be recommended 
to draw maps upon a system of lines, equally spaced and at 
right angles to one another, erroneously designated, perhaps, 
as a projection of meridians and parallels? Scholars taught 
such methods may gain some facility in outlining continents, 
but the completed map will not look just as it should, when 
the country mapped is compared with the same country on a 
globe ; moreover, such maps are quite useless for many of the 
purposes for which they are intended. It may be said that 
where such methods are followed scholars are taught to ignore 
accuracy. On the other hand, supply pupils with sheets upon 
which parallels and meridians based upon the stereographic 
mega are printed, teach them to outline countries and 
ocate places with exactness, to construct scales of miles for 
maps of limited area, and test their work as to its accuracy, and 
something of importance has been learned. In the upper 
grades of high schools and academies, where mechanical draw- 
ing is taught, stereographic projections of the meridians and 


* The New Basis of Geography, los. cit., page 157. 
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parallels of a hemisphere, either upon the plane of the equator 
or of a meridian, would be a most excellent exercise. To pro- 
ject the parallels and meridians for a limited area, as, for 
example, for a map of the United States or New York State, 
would be too difficult a task for any, except those who were 
proficient in trigonometry and possessed some skill in draught- 
ing. There is no reason, however, why the stereographic 
meridians and parallels should not be engraved and printed, 
and furnished to scholars for exercises in map drawing and 
measurement. A prominent educator in New England, a per- 
son of large experience, has assured the writer that there are 
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Africa, Stereographic Africa, Stereographic Africa, Globular Pro- 
Projection, from Map of Projection, showing jection, from Map of the 
the Eastern Hemisphere. minimum distortion. Eastern Hemisphere. 


few exercises in the secondary schools which are pursued with 
so much zeal and enthusiasm by the scholars, as those where 
the character of the work is tested by its accuracy. This 
being the case, some simple exercises in map drawing and in 
making measurements on maps should prove most useful. 

A method of plotting the meridians and parallels of a hemi- 
sphere, known generally as the globular, sometimes as the 
arbitrary circle projection, is almost invariably to be found in 
American geographies and atlases, and it is strange that a 
method having no really good features to recommend it should 
have received such general recognition. It is not a true pro- 
jection in a mathematical sense, and differs from the stereo- 
graphic in that the equator and central meridian are arbi- 
trarily divided into equal spaces, the meridians and parallels 
being represented by circular ares passing through the points 
thus found.* This method of map making has been criticised 


* There is a true projection, also called the globular, where the point of 
vision is } times the radius beyond the sphere. This projection is difficult 
to make, the circles of the sphere being projected generally as ellipses, and 
the final result does not look very different from the arbitrary circle, globu- 
lar projection, with which it is frequently confounded. 
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by the present writer in an earlier publication,* and at the 
present time occasion will be taken to point out more speciti- 
eally some of its defects. Figures 30, 31 and 32 represent 
three maps of Africa, drawn about the same size and placed 
side by side for ready comparison. Figure 31 is stereographic, 
and drawn so as to show the continent, which is an especially 
large one, with minimum distortion. Figure 30 shows the 
‘ continent as it appears near the periphery of the eastern hemi- 
sphere in stereographic projection; compare figure 9, page 258. 
The continent being large, its northwestern lobe extends out 
to that portion of the hemisphere, more than 85° from the 
center, where the distortion for such a map is near a maximum, 
see figure 19, page 272. Figure 32 differs from figure 30 in 
that the projection is globular, and the lobe, which in the 
former case was swelled out, is in this case unduly contracted, 
so that thus quite an erroneous conception of the general pro- 
portions of Africa is obtained. Notwithstanding distortion, it 
is believed that figure 30 gives a better idea of the shape of 
Africa than figure 32, as may be seen by comparison with 
Africa on a globe, or on a map, such as shown in figure 31, 
where the continent is represented with minimum distortion. 
The superiority of the stereographice projection is still more 
marked if the country represented on the map is a small one. 
Figures 33 to 36 represent maps of Spain and Portugal drawn 
with much care, the tirst three being stereographic, the last 
globular. Figure 33 is based upon a hemisphere of 90°™ 
(abont 3 ft.) diameter, and shows the countries with minimum 
distortion, 40° N., 4° W., being the point of tangency. Figures 
34 and 35 are based upon hemispheres of 60° (about 2 ft.) 
diameter, the first showing the countries as they appear on a 
map of the Eastern Hemisphere, near the periphery, where 
distortion is considerable; compare figure 9, page 258; the 
second, as they appear on a map of the Northern Hemisphere, 
where they are nearer the center than in the previous case, 
consequently smaller and less distorted ; compare figure 4, page 
252. For giving correct impressions of the shape and size of 
the countries the three maps are about equally good. The 
distances between the parallels furnish data for measurement ; 
hence on any one of the three maps it. may be seen that Spain 
is about 74° or 450 geographical miles long from north to 
south, and by measuring with dividers in an east and west 
direction, the two countries together are about as broad as long. 
To one accustomed to maps it does not much matter that in 
figure 34 the countries are tilted, for the meridians give true 
north and south. In contrast to these good maps, attention is 


* Loc. cit., page 126. 
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invited to the globular projection, figure 36, which has been 
constructed in every way with as much care. Here the coun- 
tries are not only narrowed in an east and west direction, but, 
since angles are not preserved, they are somewhat skewed ; 
hence the map gives an entirely wrong impression of the shape 
and size of the two countries. 

From a publication* bearing the date 1901, and from a part 
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Stereographic Projection, showing Stereographic Projection, from 
minimum distortion. Map of the Eastern Hemisphere. 
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Stereographic Projection, from Globular Projection, from map of 
Map of the Northern Hemisphere. the Eastern Hemisphere. 


of the book intended to give a critical summary of the methods 
of map projection, the following is quoted: Treating of maps 
of the hemispheres in stereographic projection: ‘ Very small 
portions of the earth are shown very nearly of their proper 
shape, and large portions like India approximately of their 
proper shape, while large areas like Africa are terribly dis- 
torted. No earthly use is made of the inathematical properties 


* Maps. Their Uses and Construction; by G. James Morrison. Edward 
Stanford: London. 
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of the projection. The proper way to study the shape of indi- 
vidual countries is to consult the map of those countries. In 
a map of the world or of half of the world for general use it 
seems more important that the relative size and position should 
be clearly shown, provided the distortion is not excessive, than 
that minute details of shape should be retained at the expense 
of showing one country four times as large as another when it 
really is of the same size. Seeing, as has been said, that abso- 
lutely no use is made of the special quality possessed by stereo- 
graphic¢ projection, there is a good deal of reason in the con- 
tention that it is more of a mathematical curiosity than a useful 
map projection.” Then, treating of the globular projection, 
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Chart of the North Pacific Ocean, showing rhumb and great circle courses 
from Northern Luzon to San Francisco. 


“. , . it is very doubtful if for general purposes stereographic 
or any other projection is better, or even as good.” In view 
of what has been shown in the present article, the writer wishes 
to express the hope that this is the last appeal that will be 
made for the continued use of an arbitrary method of map 
making, possessing no meritorious features, other, perhaps, 
than that it is an easy projection to construct. 

Mercator’s projection has its well-known advantages, but it 
is believed that its too general use is responsible for many 
erroneous conceptions of geography. All the principal lines 
and directions on a sphere are circles, hence to represent them 
by straight lines, as is done in Mercator’s projection, is arti- 
ficial. For the sake of illustration, let it be assumed that a 
ship is to travel from the Philippine Islands to San Francisco : 
The so-called rhumb course is represented by a straight line on 
a Mercator’s chart, figure 37, and makes an angle of 794° with 
the meridians. The rhumb line seems the only natural one 
on the chart, and the great circle course, represented by the 
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dashed line, which follows close to Japan and near the Aleu- 
tian Islands, seems wholly unnatural, yet transpose these same 
tracks to a sphere, and the great circle appears the only natural 
one, the rhumb course wholly unnatural. The great circle 
course, which may easily be followed and measured on a stereo- 
graphic map, figure 14, page 265, is 5,865 miles long, about 330 
miles shorter than the rhumb course. If a stop is made at 
Honolulu the discrepancies between the rhumb and great 
circle courses, as indicated in figure 37, are not very great. It 
is in the higher latitudes that the Mercator map is especially 
defective and misleading. 

It is frequently claimed that for physical maps Mercator’s 
projection is the best, because directions are preserved and all 
the world, excepting the polar regions, is represented on the map. 
In physical geography, however, rhumb courses never come 
into consideration, while to trace the courses of great circles 
and to measure distances, neither of which may be done with 
ease on a map in Mercator’s projection, are both matters of 
great importance; hence, having shown how easily all kinds 
of measurements may be made by the use of stereographic 
maps and a protractor, it is believed that Mecator’s projection 
is not as serviceable for physical maps as the stereographic 
projection would be. 

Finally, this general discussion of maps may be brought to 
a close by a brief criticism of the maps of an “ Hlementary 
Geography” of the twentieth century which accidentally came 
to the attention of the present writer. In a chapter headed 
“ Maps and Map Reading,” “the measuring and drawing” 
of the school desks and school room is recommended to pupils 
as an exercise, it being stated that “its application to the reading 
of maps should be in connection with Geography.” There 
then follows a fair sized map, designated “Commercial Map 
Tr the World, showing Routes of Travel.” It is evidently a 

ercator’s projection, and, what is essentially wrong, a scale 
of miles is printed on the map, and no adequate description is 
given, although it is stated, where it is believed that scholars 
would not be very apt to see it, “that the northern and 
southern parts are drawn too wide because the curve of the 
sphere is not taken into account.” Tracings of South America, 
Greenland and the scale of miles of the map referred to, are 
given in figure 38. A few pages beyond, maps of the 
Western and Eastern Hemispheres are given in stereographic 
projection, this being the only modern geography which the 
writer has seen where this projection is used. Figure 39 is a 
copy of Greenland as it appears on the map of the Western 
Hemisphere, and, considering its size, it gives a good impres- 
sion of the shape of the island. Again, a few pages beyond, a 
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map of North America appears, and from this Greenland and 
the accompanying scale of miles have been traced, which are 
shown in figure 40. The distortion of angles is a noticeable 
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South America, Greenland, and Scale of Miles, copied from a Map ina 
twentieth century School Geography. 
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Maps of Greenland from a twentieth century School Geography. 


defect of the last map, to which attention may be called. It 
may now be asked: what conceptions, other than absolutely 
false ones which some day must be unlearned, will the average 
scholar get from the study of these maps¢ Such methods 
applied to geography are not only unnecessary, they are mislead- 
ing and harmful. , 
Suggestions.—Having shown what may be done with the 
stereographic projection, the writer, after having devoted 
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considerable thought to the subject, asks the privilege of 
making a few suggestions to those who may be interested in 
teaching geography. Models, such as shown in figures 1 
and 16, pages 247 and 269, ought to be most useful for demon- 
strating how stereographic maps are made. Maps of the hemi- 
spheres one foot in diameter, executed with much care and 
accompanied by accurately engraved protractors, would serve a 
most useful purpose. The adoption of some of the methods 
indicated in this paper into schools would introduce new 
features of mathematical geography, which have the advantage 
of being simple, accurate, and useful. As far as measure- 
ments are concerned, the practical manipulation of stereo- 
graphie protractors is so simple that any one could soon Jearn 
to use them. Naturally, the mathematical principles of the 
projection would not need to be introduced ; all that beginners 
would need might be comprehended from studying models 
such as shown in figures 1 and 16. For advanced work, 
maps of the hemispheres two feet in diameter, with accom- 
panying protractors, could be used to advantage, and it is prob- 
able that a stereographic map of the world, such as shown 
in figure 14, page 265, would be found most useful, especially 
as giving a ready means of solving many problems in Physical 
and Commercial Geography. Maps of the several continents 
and oceans, all drawn to one scale and accompanied by a pro 
tractor, would serve to give correct ideas of their size and 
shape. They should be of sufficient size to admit of all nee- 
essary detail, and accurate measurements could be made on 
them. Figures 41 to 46, all drawn on a small but uniform 
scale, serve to give an idea of this method of presentation. 
For a map of a single country, such, for example, as the 
United States, the stereographic projection is unquestionably 
the best that could be employed. For presenting the princi- 
ples of navigation, and it is believed also for practical use, the 
stereographic projection has no equal. ; 

It would doubtless be best to have the maps printed on card- 
board, in order that the accompanying protractors could be 
used freely in connection with them, and they could be issued 
with the protractors in portfolios. It would not be necessary 
to have many maps; a few accurately engraved ones would 
answer all purposes. 

Expansion and Contraction.—During the past year some 
attention has been paid to the behavior of paper, cardboard 
and celluloid under different atmospheric conditions. During 
the summer period, when the humidity is high, they all swell 
somewhat, and they contract during the winter, when sub- 
jected to the unusually dry atmosphere of a steam-heated 
room. The large map of the United States, page 348, the 
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sailing chart with its protractor, page 357, and the maps of 
the hemispheres, pages 252, 257 and 258, with their accompany- 
ing protractors, were made during the past summer. It happens 
that they were drawn upon three kinds of materials as follows ; 
the best quality of cardboard, cheap cardboard, and high-grade, 
linen-backed drawing paper. At the time of writing, mid- 
winter, it is now found that the best quality of cardboard has 
shown the least shrinkage ($™™ in 300™”), the second quality of 
cardboard comes next (1™™ in 300) and the linen-backed paper 
third (14"" in 300). As far as may be told, celluloid seems 
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South America. Africa. Australia. 

Maps of the Continents in Stereographic Projection, all drawn to uniform 
scale. The small circle in each represents the point of tangency. 
about intermediate between the two grades of cardboard. The 
protractors were made on well seasoned celluloid, nearly a year 
old, and they fit the maps drawn on cardboard just as well at 
the time of writing as at the time they were made. The 
engine divided scales and protractors, previously described by 
the present writer, have given good satisfaction throughout a 
whole year, the expansion and contraction of paper being not 
sufficiently greater than that of celluloid to cause serious 
trouble. Thus it may confidently be asserted that reliable 
measurements may be made withscales printed on well seasoned 
celluloid, provided they are used with maps printed at about 
the same season of the year and, preferably, on cardboard. 
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Conclusions.—From a mathematical standpoint there is per- 
haps nothing in the present communication that was not 
known hundreds of years ago; hence it is a matter of some 
interest to have shown that the stereographic is to-day the best 
projection for geographical purposes, in spite of the fact that 
geographers have not made much use of it. The principle 
of making a stereographic map on a plane tangent at any 
desired point has long been known, but the present writer is 
not aware that any one has ever before pointed out that maps 
of limited area, thus made, are probably more accurate, that is, 
show less distortion, than those made by other methods of pro- 
jection. Certainly it is a most important feature, and why it 
has not been made use of before, if such is really the case, is 
difficult to explain. Possibly the construction of the very flat 
circular ares have seemed to present too great difficulties; and, 
if so, the discovery of the Wulff curved ruler* has overcome 
this obstacle. Without such a ruler for constructing some of 
the flat circular ares, it would have been difficult to have 
drawn the maps shown in this article. The possibility of solv- 
ing problems in spherical trigonometry by means of a stereo- 
graphic protractor, which seems to have been first discovered 
by Chauvenet, has never become generally known. This is 
doubtless because it was necessary to have some such material 
us celluloid in order to make the protractor a successful working 
instrument. 

It has been pointed out that in maps based upon the stereo- 
graphic projection the shapes of countries are admirably 
shown, and that, when stereographic protractors are used with 
them, the courses of great circles may be traced and measure- 
ments made, both of distances and directions. Thus the 
requirements, mentioned at the beginning of this article as be- 
ing especially desirable for geographical maps, are satisfied by 
the use of the stereographic projection, while no other projec- 
tion combines these valuable properties. 

From an educational standpoint the more general use of 
the stereographic projection would have many advantages, and 
to any one who delights in accuracy it should appeal most 


strongly. 


Nortr.—In the writer’s previous paper on the stereographic projection, the 
use of certain engraved scales and protractors was suggested, which have 
proved to be in every way satisfactory. For map work, however, it is nec- 
essary to vary the size of the projection frequently, consequently somewhat 
different methods must be resorted to. In place of the engine divided 
scales, previously suggested, tables have been prepared, giving (1) the 
degrees of a great circle stereographically projected upon a diameter ; (2) the 
radii of arcs of great circles; (8) the radii of arcs of certain small circles 


*This Journal (4), xi, p. 188, 1901; Zeitschrift fiir Kryst., xxi, p. 253, 
2. 
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which are frequently needed. It has not seemed that the tables in them- 
selves are of sufficient interest to warrant their being printed as part of a 
journal article, but the material will be printed if there is any demand for it. 
For convenient use the figures are arranged as in logarithm tables. The unit 
of measure adopted is 100, and the tables give the real values and the cor- 
responding logarithm for every degree. By means of the tables data for 
making a stereographic map of any desired size may be obtained with the 
greatest ease. 

If there are those who wish to work out for themselves some of the prob- 
lems of geography or navigation by means of the stereographic projection, 
so as to test its possibilities, there are now available the engine divided pro- 
tractors and plates described in the writer’s previous communication, and 
photo-engravings of the hemispheres, corresponding to figures 4, 8 and 9 of 
the present article, could be made, reduced to 14° diameter to correspond 
with the protractors. If stereographic maps meet with sufficient favor to 
warrant their adoption, it will necessarily be some time before they and the 
accompanying protractors can be engraved and printed. Their possibilities 
are all that could be desired ; their adoption is a matter which geographers 
and teachers must determine. 


Sheffield Scientific School of 
Yale University, New Haven, February, 1902. 
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Art. XXXI.—WNote on the application of the Phase Rule 
to the fusing points of copper, silver, and gold; by 
THEODORE WILLIAM RICHARDS. 







IN an interesting and very thorough investigation by Hol- 
born and Day,* the fusing points of certain metals were recently 
studied with reference to their use as standards of temperature. 
As a result of this investigation, the investigators found that 
gold gave a very constant fusing point at 1064°; that silver 
was extraordinarily inconstant in its melting point; and that 
copper wag capable of yielding two constant melting points of 
1065° and 1084°, according to the presence or absence of air. 

Besides the practical importance of these results, a theoreti- 
cal interest attaches to them: and since this side of the matter 
was not emphasized in the paper in question, this brief note is 
written to call attention to it. 

According to the Phase Rule of Willard Gibbs, a fixed 
point in any system not affected by electrical or other extra- 
ordinary stress is determined by the simultaneons existence of 
a numberof phases or other fixed conditions, two more than 
the number of components. 

Let us apply this rnle to the simple cases under review. 
Clearly one should expect gold to yield a constant melting 
point, whether in or out of the air, becanse its tendency to 
dissolve either oxygen or nitrogen is very slight ; and practi- 
cally only one component, the metal itself, is concerned. 
The three fixed conditions are of course the solid, liquid and 
vapor states of the gold, or perhaps more strictly speaking, 
solid and liquid gold and the atmospheric pressure. 

On the other hand, the tendency of silver to dissolve oxygen 
is well known. This tendency introduces another component 
without introducing another phase ; unless the concentration of 
the oxygen dissolved in the silver be determined, the number 
of fixed conditions is too few to determine a fixed point. But 
it is unusually difficult either to fix or determine the amount 
of oxygen which the silver dissolves in any given case.t 
Hence an uncertainty amounting to ten or fifteen degrees, 
unless oxygen’ is wholly excluded, is unavoidable. In the 
latter case Holborn and Day obtained a constant melting 
point, 961°8, which corresponds to the two phases of the 



































* Holborn and Day, this Journal (4), x, 171 (1900), also xi, 145 (1901). 

+If a constant pressure of oxygen were maintained, the other fixed 
condition demanded by the Phase Rule would be theoretically supplied. But 
the great variation of the solubility of oxygen in silver with the temperature 
makes it very difficult to secure this constant pressure or to attain equi- 


librium, 
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single component under atmospheric pressure. Obviously the 
highest observed temperature is the most probable, since oxy- 
gen, or other dissolved substance, will lower the melting point 
of the metal. 

The chief interest of this note centers in the double melting 
point of copper. Contrary to superticial expectation, the 
lower melting point of 1065°, obtained by melting copper in 
the air, with full opportunity for oxidation, was found by 
Holborn and Day to be far more constant and trustworthy 
than the higher one, 1084°, where every precaution was taken 
to exclude the air and to reduce the cuprous oxide present. 

The Phase Rule at once explains this observation. When 
air is admitted to the surface of melting copper, the metal 
oxidizes, and the oxide is at first dissolved by the copper. The 
tendency of the copper is thus to remove molecular oxygen by 
converting it into cuprous oxide. Until the copper is saturated 
with cuprous oxide, the melting point will continue to sink as 
the metal oxidizes. When, however, the saturation point is 
reached, any additional cuprous oxide will appear as a new 
liquid phase, and will have no effect upon the melting point. 
The components are two, copper and oxygen ; and the phases 
are four, solid copper, a solution of cuprous oxide in liquid 
copper, liquid cuprous oxide, and vapor.* Hence the condi- 
tions for a fixed point demanded by the Phase Rule are present. 

Since the solubility of cuprous oxide in copper undoubtedly 
varies with the temperature, it is clear that the adjustment 
of the equilibrium should be so deliberate as to allow the 
relieving of possible supersaturation. 

The higher melting point, 1084°, of pure copper is clearly 
to be obtained only by the complete removal of the second 
component, oxygen—a process which is somewhat difficult. 
When this component has been removed, three phases are 
enough to fix the triple-point of fusion of the pure substance, 
as usual. 

Thus in this case, as in so many others, the Phase Rule 
serves to classify the facts in such a manner as to make them 
more clearly comprehensible and more readily retained in the 
memory. 


Chemical Laboratory of Harvard College, 
Cambridge, Mass., March 1st, 1902. 


*Since the nitrogen of the air does not enter into the reaction, it may be 
neglected. Its only effect is to cause a slight additional pressure on the 
system too small to produce perceptible result. 
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Art. XXXII.— The Initiative Action of Llodine and of Other 
Oxidizers in the Hydrolysis of Starch and Dextrins ; by 
F. E. HAtg. 


{Contributions from the Kent Chemical Laboratory of Yale University—CVII.] 


FREQUENT mention is made in the literature of the produc- 
tion of a red color, as well as a blue, when starch is used as an 
indicator in iodometric titration, and numerous formule 
have been given for making a starch solution warranted to 
give a blue color with iodine, and to keep without spoil- 
ing. An investigation of a Joss of iodine, in titrimetric 
processes found to be connected with the formation of a red 
color, has led not only to the elimination of the loss, but also 
to a probable explanation of the cause of the red color, of the 
loss of iodine, and of their mutual relation. 

The first loss of iodine was noticed in titrating a decinormal 
solution of arsenite with a decinormal solution of iodine. The 
amount of iodine needed was greater when an ordinary starch 
solution* was used than it was when no indicator was used. 
The starch solution was made by grinding 5 grm. of starch 
paste with a few cubic centimeters of cold water with the 
addition of 0°01 grm. of mercuric iodide, pouring into a liter 
of boiling water, and boiling five to ten minutes. Only the 
clear supernatant liquid was used. An abundance of red was 
produced which slowly faded, and only the production of a 
permanent blue was taken as a reading. 

The reading without starch was taken when the first tinge 
of yellow appeared, and to a skilled eye this reading is very 
sharp, and comes upon the addition of a single drop | of deci- 
normal iodine. The most important phenomenon, n now notice- 
able, is that if a cubic centimeter of the starch solution be 
added after the yellow has appeared, a fine blue is produced 
without even a tinge of purple. This fact shows that some 
cause for the production of the red lies in the titration. It 
excludes any explanation of the loss of iodine by the forma- 
tion of iodate. It excludes any explanation of the red color 
by some arsenic acid compound with starch when titrating an 
arsenite solution, or by some antimonic acid compound with 
starch when using a tartar emetic solution. The last state- 
ment is made because a red color has been produced by the 
action of arsenic acid upon certain sugars, but arsenious acid 
and salts of arsenic acid did not produce such a red color with 
the sugars. Moreover starch failed to give any such color 
with arsenious acid, arsenic acid, or salts of arsenic acid.+ 


* G. Gastine., Zeitschr. anal. Chem., 1889, 339. 
+ Zeitschr. anal. Chem., 1882, 124. (Original not accessible.) 


Am. Jour. Sci.—Fourtn Series, Vou. XIII, No. 77.—May, 1902. 
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It is well known that starch is readily hydrolyzed by saliva, 
malt extract, and by many chemical reagents such as hydro- 
chloric acid, potassium hydroxide, nitric acid, ete., down 
through a series of bodies, called dextrins, more or less com- 
pletely to a final product, one of the sugars, usually maltose. 
One of the first of these dextrins is erythrodextrin, which is 
colored red with iodine. It seemed possible that some such 
hydrolytic action might take place in the present instance. 
The water or the alkali, acid potassium carbonate, might cause 
the hydrolysis under certain conditions, e. g., as there is a loss 
of iodine, indications would point to an oxidizing action, and 
a hydrolysis may be possible because of such oxidizing action. 
It is also possible that the arsenious acid, or antimonious acid, 
becomes joined to the starch, in some such way as antimonious 
acid may attach to acid potassium tartrate, and that this com- 
pound is then easily hydrolyzed. A possible indication of this 
lies in the anomalous fact that the blue color fades first and 
the red last in alkaline titration, though a few drops of astarch 
solution will discolor a solution of erythrodextrin, colored red 
with iodine, and develop the blue starch iodide. 

Such a hydrolytic action upon the starch would readily 
explain the production of red and purple, since the formation 
of erythrodextrin would furnish the red color with iodine, and 
the mixture of the red with the starch blue would yield vary- 
ing shades of purple. The oxidizing action of the iodine 
would explain its loss in titration, and the two actions com 
bined would explain the mutual relation of the two phenom- 
ena, a production of red in the end reaction and a loss of 
iodine. 

With this explanation established, there are three ways of 
accounting for the loss of iodine; first, in the production of 
erythrodextrin ; second, in the formation of the erythrodextrin 
iodide; third, in the oxidation of the erythrodextrin down the 
series of achroodextrins. 

Experimental evidence seems to substantiate the following 

oints : 

Ist. The loss of iodine and the production of a red color 
does not take place if an absolutely pure and freshly made 
starch solution is employed. 

2d. Ordinary starch contains, usually, at least two impuri- 
ties, one coloring red with iodine, the other coloring blue, the 
latter being readily changed under the influence of oxygen and 
acid potassium carbonate to the former. These impurities 
tend likewise to form in pure starch, whether solid or in solu- 
tion. 

3d. The impurity coloring blue with iodine is identical with, 
or analogous to, amidulin, made by saliva digestion of pure 
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starch, and the impurity coloring red with iodine is erythro- 
dextrin, the second product of saliva digestion of pure starch. 

4th. The loss of iodine is due to the formation of erythro- 
dextrin from this amidulin-like body, and erythrodextrin does 
not use up iodine by any transformation to achroodextrins. 


Haperiments showing the Loss of Iodine and its Correction. 


A few qualitative experiments on the sharpness of the reac- 
tion between iodine and starch demonstrated no loss in getting 
a reading under proper conditions, such as were used in the 
titrations. 

TABLE I. 
Total Ordinary 


dilution. 2/10 TI sol. starch. Other reagents. Color. 

em’, drops. em*. 

75 imme 
75 blue 
75 KI, 1 crystal 

(0°1-0°3 grm.) blue 

35 KI, few grams _ reds (fading) 
75 Na,CO,, 1 grm. blue 
75 K,CO,, 1 grm. blue 
75 KHCO,, 1 grm. blue 


The iodine solution used was made up in the usual way, 
12°685 grm. of ‘iodine and 18 grm. of potassium iodide to the 
liter. The arsenite solution in the following table contained 
4-95 grm. of arsenious oxide to the liter and 70° of a satu- 
rated solution of acid potassium carbonate. 

In 5™* of iodine solution there are about 0-09 grm. of potas- 
sium iodide, and about 0°06 grm. of potassium iodide are 
formed from the free iodine in a titration, hence in an ordinary 
titration of arsenite solution by iodine enongh potassium iodide 
(0°15 grm.) is present to bring a reading with one drop, in 
that with the experiments above. Phe presence of too 
much potassium iodide is, however, injurious to delicacy of 
reading. The only alkalies which can be employed are the 
acid earbonates. The influence of potassium iodide on the 
starch reaction, as well as the influence of the alkalies, has 
been ably shown by Lonnes.* 

Notwithstanding the fact that the following titrations were 
made under favorable conditions, i. e., in the presence of acid 
potassium carbonate and of a proper amount of potassium 
iodide, Table II shows a considerable loss of iodine. The 
action which brings about the loss, with a fixed amount of 
starch, must be rapid, for it seems complete when 20 of 


* Zeitschr. anal. Chem., 1894, 409-436. 
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arsenite solution have been used. There is an average loss of 
0°14 of iodine solution, in these experiments, in the titra- 
tion of 20-50 of arsenite solution. The plain iodine 
readings were calculated from readings made at 40™* and 50°™° 
of arsenite solution. 








TABLE IT. 
The decinormal solutions were undiluted. 
Reading with 1°25:™3 















of starch solution Plain iodine reading 

n/10 AsgQOy sol. to a deep blue. calculated. Error. 
em?, em? n/10 I. em’, em?, 
5 5°23 5°14 0°09 
10 10°37 10°28 0°09 
15 15°50 15°42 0:08 
20 20°70 20°56 0°14 
25 25°85 25°70 0°15 
30 31°00 30°84 0°16 
35 36°12 35°98 0°14 
40 41°20 41°08 0°12 
45 46°39 46°26 0°13 
50 51°54 51°40 0°14 






The next set of experiments, carried out at a fixed and 
larger, final volume, show a decided drop in the amount of 
iodine lost, and the reddish tinge was not nearly so trouble- 
some. 






TaBLeE III. 






Final volume 110°™%, 
Reading with 1°25: 











of starch solution Iodine reading 
n/10 AsO, sol. to a deep blue. calculated. Error. 
em’, em? n/10 I. em’, em’, 
l 1°05 1°03 0°02 
2 2°10 2°05 0°05 
3 3°15 3°08 0°07 
5 5°20 5°14 0°06 
7 7°25 7°20 0°05 
10 10°32 10°28 0°04 
15 15°47 15°42 0°05 
20 20°60 20°56 0°04 
35 36°02 35°98 0°04 






It is probable that even with an impure starch one can elimi- 
nate most of the error by proper dilution and by the intro- 
duction of sufficient potassium iodide to bring a sharp end 
reaction. 

To fix the loss of iodine positively upon the starch solution 
and to prove that the action was a combination of oxidation 
and hydrolysis, the following experiments were performed. 
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Ia. A few cubic centimeters of hydrogen dioxide were 
added to 1:25™* of starch solution and diluted to 100™. One 
drop of decinormal iodine brought outa fine blue color. Hence 
hydrogen dioxide has no oxidizing effect on starch in neutral 
solution. 

b. As already stated,* acid potassium carbonate by itself per- 
mits a sharp reaction. In hot solution it has no noticeable 
effect, since 4™* of starch solution were boiled in 100™ of 
water with a few cubic centimeters of acid potassium carbo- 
nate, and upon the addition of iodine to the cooled solution a 
single drop gave a pale blue. 

ce. A few cubic centimeters of both hydrogen dioxide and 
acid potassium carbonate were added to a little starch solution 
in about 100™* of water. When the color began to come, an 
abundance of red and purple resulted. Again, 3° of starch 
solution were boiled in 100™* of water in the presence of a few 
cubic centimeters of hydrogen dioxide and acid potassium car- 
bonate. Iodine added to the cooled solution produced an 
abundance of red and purple. In both of these experiments 
considerable iodine was taken up before the color came, but 
this had no bearing upon the phenomenon, as hydrogen dioxide 
and acid potassium carbonate together take up iodine, probably 
forming iodate. The important feature of the experiment is 
the production of a compound coloring red with iodine when 
the starch solution is treated with an oxidizing agent in the 
presence of the acid potassium carbonate. 

II. The experiment was repeated with the substitution of 
potassium permanganate for hydrogen dioxide. 

a. In neutral solution the starch was completely oxidized. 
Into an Erlenmeyer flask 4°™ of the starch solution, 1™* of 
potassium permanganate and 120° of water were introduced, 
brought to a boil and boiled for five minutes. Two drops of a 
very dilute solution of sulphurous acid were then added and 
the solution made acid in order to bleach the remainder of the 
permanganate.. The solution was cooled and made alkaline 
with acid potassium carbonate. A drop of iodine produced 
only a yellow color, and was shown to be free iodine by the 
addition of fresh starch. 

b. The experiment was next made in alkaline solution and 
resulted as in the previous experiment with hydrogen dioxide. 

In an Erlenmeyer flask, 4°™* of starch solution, 10° of acid 
potassium carbonate and 1™ of potassium permanganate, 
diluted to 125™*, were boiled for five minutes. Three drops 
of the dilute sulphurous acid were required to neutralize the 
excess of permanganate in the acidified solution. The addi- 
tion of iodine to the solution, cooled and made alkaline with 


* See Table I. 
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acid potassium carbonate, caused an abundance of red and 
purple. 

These experiments tend to prove the presence in the starch 
solution of some body which is oxidized and hydrolyzed in 
alkaline solution with the production of erythrodextrin. That 
the action is not upon the starch itself will be shown later. 

An effort was now made to overcome the difficulty by vary- 
ing the method of making the starch solution, and to facilitate 
comparison the different methods are given together. 


I. Starch solution by heating with potassium iodide. 


In 25™° of cold water 5 grm. of pure starch were ground 
with 2 grm. of potassium iodide, poured into 75™* of boiling 
water and boiled, the beaker being tamed with asbestos. 
The mass became mucilaginous. After fifteen minutes the 
volume was increased to 500°", and the boiling was continued 
for forty-five minutes. The solution was filtered, forty-eight 
hours being required, leaving a residue of jelly like consistency 
upon the filter. The method was suggested by the extreme 
delicacy which the presence of potassium iodide gives to the 
starch reaction and by certain statements made in the litera- 
ture, one that concentrated potassium iodide causes starch to 
swell and dissolve,* another that a solution of starch made by 
a somewhat similar method would keep a year without fermen- 
tation.t 


II. Starch solution by heating with glycerine, according to 
Lulkowsky.t 

In 70 of pure glycerine 5 grm. of potato starch were 
heated at a temperature of 185°-190° C. for half an hour with 
constant stirring. The starch dissolved and the solution turned 
through yellow to a deep red. The solution was cooled to 
120° ©. and poured slowly and continuously into 200™ of 
alcohol. The precipitate was thoroughly stirred, settled and 
filtered while warm. It filtered readily and was washed with 
alcohol until the filtrate came through colorless. The color- 
less residue was then dissolved in 500™° of water heated to 
60°-70° C. 

The product is called amorphous amylodextrin. It is 
described as non-crystallizable, coloring blue with iodine, 
(a); = 206'8°+ 


III. Soluble starch by saliva digestion. 


In a little cold water 2 grm. of starch were ground with 
0°5 grm. of acid potassium carbonate and poured into 200° of 


* Payen. Comp. Rend.. Ixi, 512. + Zeitschr. anal. Chem., 1886, 37. 
t Ber. Chem. Ges, xiii, 1395-1398 
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boiling water and boiled a few minutes. The solution was 
then allowed to cool to 40°-45° C. Meanwhile 10° of fil- 
tered saliva were neutralized with 0-1 per cent hydrochloric 
acid. A blue litmus strip, which had been dipped in acetic 
acid and washed, was used as indicator. The saliva was added 
to the starch solution at the proper temperature. In three or 
four minutes the solution became entirely clear, and was at 
once brought to a boil and boiled for ten minutes. 

The addition of the alkali was to hinder the action from 
going beyond the first step of digestion. The boiling at the 
end destroyed any further action of the saliva. Starch cellu- 
lose is said to produce a feeble red or brownish color with 
iodine,* hence the possible utility of this method lay in the 
absence of cellulose from the starch solution, since the cellu- 
lose is digested by the saliva. 

Solutions were made up according to each of these formule. 
The amorphous amylodextrin was “made from i impure starch, 
the other two solutions from pure potato starch, specially pro- 
cured. Table IV shows the relative sharpness of the different 


TABLE IV. 
Volume 125°™°, 


n/\0ITsol. Potassium iodide. Starch sol. 


faint change 
decided change 
light yellow 


decided yellow 
‘ec “ 


“cc “c 
ordinary pale purplish 
stronger faint “ 

1°5 amorphous 


am ylodextrin flash of blue 


et et Or ee OO ND oe 
3 


_ 


Ye = good blue 


5 6c “ “ 
1 KI starch Kar. & 
deeper blue 
5 amidulin slight change 
2 very faint pink 
= no change 
yf pale blue 
= stronger “ “ 


* Beilstein I, 1082, line 17. 
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end reactions in blank. It will be noticed that the plain iodine 
reading is not sharp unless potassium iodide be present, and 
this is true of the starch solutions. The ordinary starch solu- 
tion mentioned in this table and in the following table was a 
different one from that previously used. It was freshly pre- 

ared and hence shows a less amount of the impurity present. 

‘he burette used took four to five drops. to make 0°1°%™, or 
approximately one drop equaled 0-022, 

t will be seen that the potassium iodide starch solution gave 
the sharpest and best end reaction, that amorphous amylodex- 
trin lost one drop of iodine, and amidulin and plain iodine 
two drops. However, the presence of a crystal of potassium 
iodide rendered them all sharp to a drop, with the exception 
of amidulin, which explains the closeness of the results in the 
next table. In this their delicacy was tested in regular titra- 
tion with a fresh arsenite solution, and with a slightly stronger 
iodine solution. 

TABLE V. 


Volume 125°™3, 


n/10 
As203 sol. 2/101 sol. Starch sol. Color. 
em*, cm? cm’, 


| 49°38 1 KI starch permanent purplish 


50 49°40 good blue 
“ 4940 1 “ (4erystals KI) good blue 
4940 2 ordinary slow-fading purplish 
49°42 permanent blue 
§ 49°38 15amorphous amylo- permanent purplish 
| 49°40 dextrin deep blue 
49°42 5 amidulin permanent purplish 
49°44 deeper purple 
49°55 25 ordinary abundant red 


While these results are very close and the discrepancies 
might be ascribed to manipulation, yet the loss on 25°™ of 
ordinary impure starch freshly made, can hardly be over- 
looked. Moreover, these titrations were made at a slight dilu- 
tion, and the slight loss hinted at in the case of amidulin is in 
keeping with later experiments. The introduction of con- 
siderable potassium iodide made no difference in the sharpness 
of the potassium iodide starch, and since this preparation gave 
the best’ blue color it was used in a series of parallel titrations 
in which readings were made with the starch blue and then 
with plain iodine alternately in order to eliminate accidental 
errors. Starch was added subsequently to corroborate the 
plain iodine reading, as the yellow is very delicate. The abso- 
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lute readings were found by subtracting one drop from the 
actual reading. To render the plain iodine readings sharp a 
crystal of potassium iodide was added in the first two titra- 
tions. 
TABLE VI. 
Volume 125°™°, 
n/10 I sol. n/10 I sol. 
n/10Isol. reading abs. amt. 
reading b cale’d n/10 Isol 
by iodine KI starch n/10I sol. n/10Isol. from abs. errors 
color. blue. abs. amt. abs.amt. 50°™%, in A, .. in B. 
A B A B A B 
cm’, em, cm’, cm*, cm’, em', em’, 
1 drop* 1 drop 
4°94* 4°96 4°92 4°94 4°94. 0°02— 0°00+ 
9°88 9°90 9°86 9°88 9°88 0°02— 0°00+ 
14°83 14°83 14°81] 14°81 14°82 0°01— 0°01— 
19°78 19°78 19°76 19°76 19°76 000+ .0°00+ 
29°64 29°64 29°62 29°62 29°68 0-0l— O-01— 
39°55 39°55 39°53 39°53 39°51 0°02+ 0°024 
49°41 49°41 49°39 49°39 49°39 0°00+ 000+ 


The most noticeable and important fact is that all loss, noted 
in the beginning of this paper, has disappeared, and that the 
plain iodine and the starch readings agree exactly except for the 


first two titrations, and here there is only a difference of a 
drop. The absolute errors are interesting as they show how the 
absolute values fluctuate about a standard set by the 50°™* read- 
ings. This fluctuation is limited to a drop plus or minus. 

The statement has been made that starch from different 
sources has a varying power of absorbing iodine, e. g., that 

otato starch absorbs three times as much as rice starch.t To 
earn whether this fact had any bearing upon the question at 
issue, and at the same time to learn whether pure starch solu- 
tions made in the ordinary way (G. Gastine) would give as 
delicate readings as when boiled with potassium iodide, solu- 
tions were made from pure potato starch, pure rice starch, 
pure arrow-root starch and a pure soluble, so-called, starch of 
unknown origin. The results of titration with these solutions 
as indicators are shown in Table VII. 

A fresh arsenite solution was made in a slightly different 
manner from the former. To assist in dissolving the arsenious 
oxide (4°95 grm.), 4 grm. of potassium hydroxide were added, 
not enough to entirely form di-potassium hydrogen arseniate, 
but more than enough to form potassium di-hydrogen arseniate. 
At each titration 5° of a saturated solution of acid potassium 
carbonate were added. 


* A crystal of potassium iodide was added. 
+Girard., Ann. Chim. Series (6), xii, 275. 
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TaBie VII. 
No extra dilution. Volume about 110°™%, 
n/10 
As,0s5. n/10I sol: KHCOs. Starch sol. Color. 
em’, em*, = em, em*, 
49°11 ordinary pure potato pale blue 
49°13 deep blue 
49°13 ordinary pure rice blue, slightly 
purplish 
49°14 ordinary pure soluble blue, slightly 
purplish 
49°15 ordinary pure arrow- 
root ; deep blue 
49°15 KI pure starch good blue 
49°13 yellow 


It is at once scen that these values are coincident within a 
drop and that all the starch solutions are within the limits set 
by a plain iodine reading on the one hand and a potassium 
iodide starch reading on the other, though there was no dilu- 
tion of the standard solutions. 

To test the action of pure starch further some titrations 
were made with pure potato starch in varying amounts, and 
again with increasing amounts of acid potassium carbonate. 
As the loss of iodine, previously noticed, had been almost 
complete when 10% of arsenite solution had been titrated, 
this quantity was used. Again there was no dilution. 


TaBLE VIII. 
No extra dilution. 
n/\0 
As Os. n/10Isol. KHCOs. Starch sol. Color. 
cm*, cm*, em*, em*, 
10 9°82 5 15 ordinary pure potato deep blue, 
purplish 
9°82 ” ” deep blue 
9°82 ‘ pale blue, purplish 
{ 9°84 deep blue 
9°82 : deep blue 
9°84 : deep blue 
9°85 deep blue 
50 49°15 medium blue 
“ 49°35 ordinary impure abundant red 


The last experiment was made to see if the conditions were 
the same as in the preceding experiments save for the starch, 
and a loss of 0°20" of iodine solution seems to prove that 
there were similar conditions. There appears to be no loss 
with any amount of pure starch solution, even when 50% of 
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arsenite solution is titrated. Especially noticeable is the fine 
blue color, with only a tinge of purple twice. The same thing 
is noticeable in the next series, by which it is seen that no 
reasonable excess of acid potassium carbonate causes any loss. 


TABLE IX. 
No extra dilution. 

n/10 
As,0s. 2/10I sol. KHCO;. Starch solution. Color. 

em’, em?, cm’, em*, ordinary pure potato. 

10 9°82 5 1°5 deep blue 

10 9°82 10 - deep blue 

10 9°83 15 ° deep blue 

10 9°82 20 * deep blue, purplish 
10 9°81 25 _ deep blue 


As still further corroborative proof a solution of tartar 
emetic was made up as follows.* Tartar emetic was recrystal- 
lized, dried by exposure to the air and pulverized; 16 grm. 
were weighed out and dissolved in 200-300" of water; 20 
grm. of tartaric acid, dissclved in a little water and filtered, 
were added and also 1™ of strong hydrochloric acid. The 
solution was diluted to one liter. The significant fact about 
the following titrations is the absence of any red colors, such 
as are historically connected with antimony titrations. Indeed, 
Freseniust speaks of the red as giving the closer reading. 


TABLE X. 
n/10 Tartar 
Volume. emetic. n/101 sol. Starch sol KHCOs. Color. 

em’, cm’, em?, cm’. pure potato. cm*, 
100 10 9°58 15 10 blue, no red 
100 10 9°58 10 blue 

75 10 9°56 10 yellow 
125 50 47°75 : 25 blue, 

(purplish tinge) 

125 50 47°75 25 yellow 


The average of the 10° readings (absolute) multiplied by 
five equals 47°73. The absolute 50° reading (47-75—0°02) 
equals 47°73. . Evidently even tartar emetic causes no loss on 
pure starch, for the 50™* reading agrees with the plain iodine 
reading for the same amount and with the 10’ titrations. 

The severest test of all was then made on the pure potato 
starch solution. With it were tried the two oxidizing experi- 
ments with hydrogen dioxide and potassium permanganate. 

I. Into an Erlenmeyer flask 100% of water, 10°° of acid 
potassium carbonate, 4° of the starch solution and 5% of 


* Gruener, this Journal, vol. xlvi, Sept., 1893. 
+ Freseviu-, Quant. Anal., 6'* Aufl, II, 818. 
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hydrogen dioxide were poured, brought to a boil and boiled 
five minutes. The solution was cooled and iodine was added. 
A few drops brought out a fine blue with perhaps the barest 
trace of purple. 

II. Into an Erlenmeyer flask 100™* of water, 10°™* of acid 
potassium carbonate, 4™ of the starch solution and 1™ of 
potassium permanganate were ponred, brought to a boil and 
boiled five minutes. The permanganate faded to a light 
brownish yellow. The solution was made acid and the excess 
of permanganate was faded with a few drops of very dilute 
sulphurous acid. The solution was then cooled, made alkaline, 
and iodine was added. A few drops produced a blue. There 
was not a trace of red. 

These facts substantiate the statement that pure starch causes 
no red color, nor loss of iodine, in alkaline titration of arsenite 
solution or of tartar emetic. If any purplish tinge occasion- 
ally occurs it is no hindrance to the reading and it causes no 
appreciable loss of iodine, since under most advantageous con- 
ditions the loss is but slight, even with an impure starch. 

With an impure starch the reading from the first permanent 
color, whether red or blue, is nearest to the correct value. 
The readings with impure starch may be compared with plain 
iodine readings and a correction applied, since the loss for a 
constant quantity of starch is constant in the titration of 20-50°™* 
of arsenite solution. It is better to titrate with considerable 
dilution, e. g., 150-200, and to add a crystal of potassium 
iodide if necessary, since the production of red is at a mini- 
mum and less troublesome, and the loss of iodine is hardly 
appreciable. With impure starch fresh solutions should be 
frequently made. 


Experiments showing the Cause of the Trouble. 


The foregoing experiments have shown that pure starch is 
not attacked by iodine, hydrogen dioxide, or potassium per- 
manganate in the presence of acid potassium carbonate, and 
that impure starch is attacked. There were found in the 
impure starch employed two impurities, one of which colors 
red with iodine, and the other under the influence of nascent 
oxygen and acid potassium carbonate is changed to a body 
which colors red with iodine. These two impurities were sepa- 
rated from the starch in the following manner. A solution 
was made of the’ impure starch. To two separate portions 
iodine was added. 

I. Iodine was run in to excess, and the resulting starch blue 
was precipitated by dilute sulphuric acid and filtered. The 
excess of iodine was shown by its action on the filter paper 
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and by the color of the filtrate, which was yellow. This latter 
fact showed that the dextrins present, if such they were, had 
been incladed in the starch blue. An attempt to wash them 
out with water completely failed. The principle suggesting 
this and the following experiment was the greater solubility of 
the dextrin iodide than of the starch iodide, and the fact that 
it is not precipitated by dilute sulphuric acid, when alone. 

II. With care iodine was run in just sufficiently to use up 
the starch present with but the barest excess, so as to include 
no dextrin iodides if possible. The starch iodide was then 
precipitated with dilute sulphuric acid and filtered. That 
there was no excess of free iodine was shown by the lack of 
action on the filter paper and by the color of the filtrate, which 
at first came through of a pale blue color and finally came 
colorless. The precipitate was well washed. To a few cubic 
centimeters of the filtrate a drop of iodine was added, and at 
once a red color was produced with no trace of blue. Enough 
dextrin was present to completely hide the pale blue of the 
earlier portions of the filtrate. 

This pale blue compound, though separated in less quantity, 
proved to be the more interesting body, for to it was due the 
loss of iodine in titration. No method was found, however, of 
separating it from the erythrodextrin, though its distinct char- 
acter is shown by the following experiments. A few cubic 
centimeters of the filtrate above mentioned were colored deep 
red with iodine, and separate portions were shaken with chloro- 
form, carbon disulphide, and amyl alcohol. At once these sol- 
vents became colored with free iodine respectively purple, 
purplish red, and yellow, and the watery solution of the dex- 
trins was left of a pale blue color, proving that the dextrin 
coloring blue had a stronger affinity for the iodine than the 
dextrin coloring red. A drop of iodine added to the water, 
without shaking, colored it red, showing that the erythrodex- 
trin was still present in the water, i.e. the blue-coloring dextrin 
held the iodine from the erythrodextrin. 

The next noticeable and interesting feature about this blue- 
coloring dextrin is its difference from starch in that its iodide is 
not precipitated either by dilute or concentrated sulphuric acid. 
Hence this body seems to be intermediate between starch and 
erythrodextrin ; first, because its iodide is more stable than 
erythrodextrin iodide; and second, because its iodide is more 
soluble than starch iodide. 

Examination was made of the amorphous amylodextrin solu- 
tion, and of the amidulin solution,. since these were bodies 
coloring blue with iodine and probably intermediate between 
pure starch and erythrodextrin. 

The amylodextrin iodide blue was readily precipitated by 
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dilute sulphuric acid. The amidulin iodide blue was not precip- 
itated by dilute sulphuric acid nor by concentrated sulphuric 
acid. Both amylodextrin and amidulin were tried with perman- 
ganate and acid potassium carbonate with the following results. 

I. In an Erlenmeyer flask 100° of water, 10™ of acid 
potassium carbonate, 1°* of potassium permanganate and 25°" 
of amylodextrin were boiled five minutes. The permanganate 
faded to a yellow color. The solution was made acid and the 
excess of permanganate was faded by a few drops of dilute 
sulphurous acid. The solution was then cooled, made alkaline, 
and iodine solution was added. Two drops brought out a blue 
with a trace of purple, due possibly to the presence of a trace 
of impurity, since the amylodextrin was made from impure 
starch. 

II. In an Erlenmeyer flask 100™ of water, 10°™* of acid 
potassium carbonate, 1°™* of potassium permanganate and 25°™ 
of amidulin were boiled five minutes. A brown precipitate 
formed and was filtered off. The filtrate was clear and color- 
less. It was cooled and iodine was added. A deep red color 
was produced, equal to and identical with the color given by 
erythrodextrin with iodine. There was a loss of about two 
drops of iodine. 

Tests were made with amidulin in regular titration. 


TABLE XI. 


A 
Volume. /10 As,03. n/19I sol. KACOs. Amidulin, Color. 
cm*, em*, em’. cm*, cm*, 
125 50 49°29 5 pale yellow 
135 50 49°40 5 5 deep red, to deep 
purple 
100 an 2 drops * good deep blue 
100 dares 2 drops - purplish 
Sb203 
125 50 47°75 = 25 very pale yellow 
150 50 47°82 25 deep red, to deep 
purple 
The two experiments in A in blank show that two drops are 
necessary for a reading in any case. One gram of potassium 
iodide, the amount present in an ordinary titration, tended to 
give a purplish hue to the blue. This is probably analagous 
to the action of an excess of potassium iodide upon the starch 
iodide.t Both phenomena seem to be distinct from the 
hydrolytic action. 
Though the titrations were at a fair dilution, yet the table 
shows a loss of about 0°08 of iodine solution. Allowing 
* On addition of acid potassium carbonate the solution turned purplish, and the 


blue showed a tendency to fade. 
+ See ‘Table I. 
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two drops for the amidulin reading and one drop for the iodine 
reading, the absolute values in A are 49°36 and 49°28 with a 
difference of 0-08 of iodine solution. The abundant pro- 
duction of a red color is as important as the loss of iodine. 

In B with antimony there is a similar loss of iodine and 
production of a red color, but it is no more striking than with 
arsenic, and the loss is no greater. It is noticeable, however, 
that toward the end the tartar emetic fades the iodine some- 
what more slowly than arsenious acid and hence the red some- 
times appears a little sooner and lingers somewhat longer. 

Titrations without dilution and with increasing amounts of 
amidulin present were now made. The colors mentioned were 
all permanent, and the last color mentioned was as nearly as 
possible of the same shade of purple. 


TABLE XII. 
No extra dilution. 
n/10 As2Os. 7/101 sol. KHCO;, Amidulin. Color, 
cm’, em’, em’, cm*, 
10 9°85 5 son yellow 
10 9°86 5 deep purplish red 
9°88 deep blue, purplish 
9°91 deep red 
} 9°94 deep reddish purple 
9°96 deep blue, purplish 
| 9:89 deep purplish red 
9°91 deep blue, purplish 
9°90 deep red 
9°93 deep blue, purplish 


} 9°94 very deep red 


10 


10 


10 


9°96 deep purplish red 
9°98 deep blue, purplish 


There is apparent in this table a loss of iodine increasing 
very slightly with the increase of amidulin, somewhat irregular 
because of possibly much varied conditions, such as volume, 
rapidity of running in the iodine, amount of stirring, ete. 
The conditions with 10™* of amidulin present seem to have 
been exceedingly favorable for the development of the phe- 
nomena under consideration, as the red produced was very 
abundant and the loss of iodine was nearly as much as with 
25™* of amidulin present. 

That the erythrodextrin of the impure starch is identical 
with the erythrodextrin of saliva digestion of starch was 
proven in the following manner. A solution of impure starch 
was dialyzed for twelve days. The product which came 
through became colored a faint brown upon adding iodine. 
This was due to its extreme dilution. On concentration it 
gave a rich red with iodine. 


10 
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Some pure erythrodextrin was made as follows: To 200° 
of a 1 per cent pure starch solution at a temperature of 40° C 
was added 0°25 grm. of acid potassium carbonate and 10™* of 
filtered saliva. Not a trace of erythrodextrin, as shown by 
testing with iodine every few minutes, appeared for twenty 
minutes, and in thirty minutes the last traces of amidulin, as 
shown by the iodine test, had disappeared. The solution was 
at once boiled to stop further action of the saliva, and the 
erythrodextrin was precipitated with three to four times its 
volume of alcohol and filtered. The precipitation was only 
partial and filtration was very slow. The erythrodextrin, 
washed with alcohol, was redissolved in 200° of warm water. 

Both of these solutions were tested by the polariscope for 
rotation of polarized light. Of each solution ten readings were 
made with the sodium flame and the average was taken. The 
percentage strength of the solution. was determined in two dif- 
ferent ways. In the case of the erythrodextrin by saliva diges- 
tion, 25°" portions were drawn from a burette into weighed 
beakers and evaporated to dryness over sulphuric acid in a 
vacuum dessicator. Duplicates gave 0°0422 and 0-0424 grm. 
of dextrin. Hence 100™* contained 0°1692 grm. of erythro- 
dextrin. The readings with the polariscope were all very close 
and gave a result of 0°26°+. As a 1°™ tube was used 

"26 aside 
(a)p = 001699 > 153°66° +. 

A previous attempt was made to precipitate the dextrin by 
alcohol and ether and to filter on a Gooch crucible, but it failed 
of complete precipitation. . 

A slightly different course was taken with the dialyzed 
erythrodextrin, as the above method was rather long and 
tedious. Asa preliminary test, portions of the erythrodextrins, 
dialyzed and by saliva, were evaporated to dryness on the 
water bath. No change seemed to have taken place. Both 
preparations were just as soluble as before evaporation and 
gave a rich red with iodine. Hence 25° portions of the dial- 
yzed dextrin- were drawn from a burette into small weighed 
porcelain dishes and evaporated to dryness. In this way the 
percentage strength of the solution was found to average 
00716 grm. per 100™. The readings with the polariscope 
were again very close and gave 0°22°+. As a 2°™ tube was 

¢ 
used ()o= aparece 153°63°+. The degree of rotation is 
so close to that of the saliva digested starch product that the 
identity seems certain. 

That the loss of iodine in titration is due to the formation 
of erythrodextrin from amidulin and not achroodextrins from 
erythrodextrin is shown by the following experiments: 
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To 5° of the erythrodextrin which had been separated from 
the impure starch solution, acid potassium carbonate was added 
and then arsenite solution and iodine solution were introduced 
successively eight to ten times. No diminution of the red 
color was appreciable. 

The erythrodextrin by saliva was then tried in titration. 
First the sharpness of the reading was tried. 


TABLE XIII. 


Volume. n/10I sol. Erythrodextrin. KI, Color. 
cm*, drops. em?, 
100 10 3 small crystals yellow 
‘ brownish red 
deeper red 
deeper red 
40 10 1 small crystal brown red 
deep red 
Erythrodextrin is not so sensitive to iodine as starch or ami- 
dulin. However, in concentrated solution and in the presence 
of a moderate quantity of potassium iodide the reaction is 
sharp to a drop. 
TABLE XIV. 
No extra dilution. 


n/10 As,O3. 2/101 sol. KHCO;. Erythrodextrin. Color. 
cm*, cm*, cm’, ‘ 
10 9°89 5 yellow 
“ 9°88 “i light brownish red 
* 9°89 ” deep red 
9°87 “ ‘ faint red 
{ 9°90 very deep red 


“ 


This table shows conclusively that there is no loss of iodine 
by action on erythrodextrin even in large quantities and though 
the volume was concentrated. Sufficient potassium iodide was 
present in the iodine solution, or was formed in titration, to 
give readings as sharp as that of plain iodine. 

If one reads to the first permanent color, whether purplish, 
red, or blue, there can be no loss of iodine from the formation 
of the erythrodextrin iodide, but if one reads always to the 
blue it may take a drop or two to cover the red. This is well 
illustrated in the readings with amidulin in Table XII. That 
the red forms at all in the presence of starch seems to be an 
anomaly, since starch will pull the iodine away from the eryth- 
rodextrin iodide forming starch iodide, but a possible explana- 
tion may be that, as the reaction between the arsenite solution 
or tartar emetic and the iodine becomes slower toward the end, 
an excess of iodine is present for a few moments and both the 


Aw. Jour. So1.—FourtH Series, Vou. XIII, No. 77.—May, 1902. 
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iodides are formed together. The arsenious acid in alkaline 
solution fades the blue first, leaving the red to fade more slewly. 
This is also true of sulphurous acid. In alkaline solution a 
very dilute solution of sulphurous acid may be made to fade 
the blue leaving a trace of the red, but the endurance of the 
red is usually but momentary as the reaction is so very rapid ; 
but in acid solution sulphurous acid fades the red first and the 
blue last, even when abundant red is present such as is caused 
by the permanganate experiment with impure starch or amidu- 
lin. This latter fact may explain why in titration of iodine by 
thiosulphate one is not bothered with the production of red hues. 

The presence of amidulin in the impure starch cannot be 
said to be absolutely established, since it has not been chemi- 
cally isolated from the solution and examined by itself, but 
the circumstantial evidence seems substantial. 

Ist. Impure starch causes a loss of iodine which is accom- 
panied by the production of a compound coloring red with 
iodine when used in a titration of arsenite solution or tartar 
emetic by iodine. 

2d. The same red-coloring compound is produced from 
impure starch by boiling with potassium permanganate and 
acid potassium carbonate or by treatment with hydrogen 
dioxide and acid potassiuin carbonate, hot or cold. 

3d. Pure starch neither causes a loss of iodine nor is it acted 
upon in presence of acid potassium carbonate by iodine, hydro- 
gen dioxide, or potassium permanganate, to form the red- 
coloring compound. 

4th. The red-coloring compound found in the impure starch 
was proven to have the same power of rotating polarized light 
as erythrodextrin, and pure erythrodextrin caused no loss of 
iodine in regular titration with arsenite solution. 

5th. A compound coloring blue with iodine whose iodide 
was not precipitated by sulphuric acid was found in the impure 
starch. 

6th. The latter impurity, the compound coloring blue, is 
intermediate between starch and erythrodextrin, since its 
iodide is more stable than erythrodextrin iodide and more sol- 
uble than starch iodide. 

7th. Pure amidulin causes a loss of iodine in titration of 
arsenite solution, or of tartar emetic, by iodine solution, and is 
acted upon in the presence of acid potassinm carbonate by 
iodine, hydrogen dioxide, and potassium permanganate, as 
above to form a compound coloring red with iodine. 

8th. Amidulin iodide is not precipitated by sulphuric acid. 

9th. Amidulin is intermediate between starch and erythro- 
dextrin both because its iodide is more stable than erythro- 
dextrin iodide and more soluble than starch iodide and because 
it is intermediate in saliva digestion of pure starch. 
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10th. Erythrodextrin is the first product of hydrolysis of 
amidulin, and since erythrodextrin was proven to be present in 
theimpure starch it is probable that the blue-coloring compound 
is identical with amidulin from which erythrodextrin is formed. 

So it appears that the colors found in iodometric titrations 
in which ordinary starch is used as an indicator are probably 
due to the admixtures of the starch blue or possibly of the 
amidulin blue with the red of erythrodextrin derived from 
amidulin by hydrolysis initiated by the oxidizing effects of the 
iodine. Pure starch, containing neither amidulin nor erythro- 
dextrin, gives only blue in the iodometric titration. Starch, on 
the other hand, which has undergone partial hydrolysis is likely 
to contain both amidulin and erythrodextrin. It is not 
strange that both amidulin and erythrodextrin should be 
present as impurity in starch since they both stand in the 
order named as the first two dextrins produced from starch, as 
shown by saliva digestion of starch, as also by malt-extract 
digestion of starch. Starch both in solid state and in solution 
tends to pass through these stages of hydrolysis. Germ 
growth rapidly appears in solutions of pure amidulin and pure 
erythrodextrin with the destruction of these bodies in the 
form of hydrolysis to dextrins lower in the series. Some dry 
pure starch, which stood in a cardboard box during the sum- 
mer, shows the tests for a slight amount of amidulin; some 
dry amidulin, wrapped in filter paper, has gone over to erythro- 
dextrin almost entirely. 

A few words may be said in closing this article on the 
mechanism of the reaction which is believed to take place. 
The production of the various dextrins from starch is com- 
monly considered a progressive hydrolysis. Associated with 
the formation of erythrodextrin from amidulin during oxida- 
tions by iodine there is a loss of iodine, and this loss would 
naturally be attributed to oxidation of amidulin. That the 
hydrolysis of amidulin to erythrodextrin can take place, how- 
ever, without oxygen is evident from the fact that amidulin or 
erythrodextrin may be produced successively by digesting 
starch with saliva in an atmosphere of hydrogen ; for two such 
digestions were carried on, all oxygen being previously boiled 
out of the starch solution and a current of hydrogen passed in 
during the digestion. The question arises, then, as to why the 
eae. fe which acid potassium carbonate even upon boiling 


is incapable of producing, takes place readily in the presence 
of an oxidizer. There are present in starch and tlie dextrins 
several sugar nuclei, and, in the formation of dextrins, maltose, 
and sometimes isomaltose, is said to be formed in increasing 
quantity as the dextrin molecules decrease in size. Maltose is 
readily hydrolyzed to dextrose, and dextrose is fairly easily 
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oxidized to gluconic acid or dextronacid, CH,(OH)(CH.OH),: 
CO,H, e. g., chlorine or bromine will cause the reaction thus :* 
C,H,,0, + Br, + H,0 = CH,(OH):(CHOH) COOH + 2HBr. 
dextrose gluconic acid 

Habermannt+ oxidized dextrin by the same reaction to dex- 
tronacid, as he named it, but Herzfeldt proved conclusively 
that chlorine or bromine oxidizes dextrose, maltose, and dex- 
trin to the same acid, gluconic acid, i. e., that gluconic acid, 
maltonacid, and dextronacid are identical; and that the dis- 
cordant results of other experimenters are due to the constant 
production, by bromine at least, of saccharic acid, as a by- 
product. It is possible that one or both of these acids may be 
produced by the action of iodine. Now the action of the 
weak oxidizer iodine appears to be strengthened by a catalytic 
action of the arsenite. That the arsenite is not essential to 
the action, however, is shown by the fact that iodine in pres- 
ence of acid potassium carbonate will induce the slow forma- 
tion of erythrodextrin from amidulin in the absence of 
arsenite. In a corked flask, 20™* of amidulin, 10°™ of acid 
potassium carbonate, 5° of iodine solution, and 5™* of water 
were set away. After standing some time the blue color 
changed to purple. The red increased and finally, after six 
months time, the free iodine disappeared entirely and the solu- 
tion became colorless. A few drops of iodine added to a few 
cubic centimeters of the solution turned it a deepred. A 
thorough shaking with chloroform removed the iodine from 
the erythrodextrin red and left a mere trace of blue, showing 
that a bare trace of amidulin was still left. The action was 
not due to germ growth; first, because the amidulin and the 
erythrodextrin formed from the amidulin would have been 
destroyed in a much shorter time; secondly, because the 
potassium iodide present prevents germ growth; and lastly, 
because there was no visible evidence of germ growth. 

Schénbein§ has suggested an oxidizing action of iodine upon 
starch in the following experiment. He heated in a closed 
vessel for an hour at 100° ©. a mixture of a solution of iodine 
in water and of dilute starch paste. On cooling, the solution 
did not become blue, but reacted feebly acid, and on introdue- 
ing dilute sulphuric acid and several drops of potassium nitrite 
became blue at once. Mercuric nitrate formed a recognizable 
amount of mercuric iodide. 

It seems probable that iodine may further the hydrolysis of 
amidulin by oxidizing a sugar nucleus to an organic acid, and 
* Habermann, Ann. Chem. (Liebig), clv, 121; Kiliani, ditto, ecv, 182. 

+ Ann. Chem. (Liebig), clxii, 297. 


t Ibid., cexx, 335 ff. 
§ Schénbein, Journ, prakt, Chem., Ixxxiv, 402. 
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the decomposition of the amidulin molecule once started, the 
residue may quickly undergo hydrolysis. No attempt has, as 
yet, been made to discover such an acid, since its formation 
must be but slight. Some indirect experiments bear weight 
upon the question. 

Ist. A starch solution was digested to the erythrodextrin 
stage and somewhat beyond by saliva. A test for sugar with 

50™* of Fehling’ s solution resulted in a heavy reduction. 

2d. Into 25™* of impure starch solution jodine was run in 
regular titration with 50™* of arsenite. An abundance of red 
was produced. The solution was precipitated by silver nitrate 
to get rid of potassium iodide and most of the arseniate. The 
excess of silver nitrate was precipitated by hydrochloric acid. 
The filtrate was made just alkaline and was added to 50°™* of 
boiling Fehling’s solution. There was no sign of reduction, 
which goes to “show that whatever sugar was produced in the 
hydrolysis of the amidulin impurity in the starch to erythro- 
dextrin must have been oxidized. In corroboration of this 
view of the oxidizing effect of iodine in initiating the hydrol- 
ysis may be mentioned again the action of hydrogen dioxide 
and potassium permanganate in the presence of acid potassium 
carbonate upon impure starch and upon amidulin in forming 
erythrodextrin. 

Somewhat similar to the nascent action upon amidulin of 
the oxygen produced by iodine in oxidizing arsenite seems to 
be the action of the oxygen produced in ‘the following phe- 
nomena. Fr. Goppelsréder* claims that many salts hinder the 
starch iodide reaction, e. g., potassium alum, ammonium, potas- 
sium, sodium and magnesium sulphates. As the color, the 
most important feature for our consideration, slowly develops 
in his experiments, he mentions it as a reddish tinge, reddish 
violet cast, bright red violet, ete. He produced his iodine by 
mixing dilute solutions of potassium iodide, ammonium nitrite, 
or potassium nitrite, and sulphuric acid with his starch and salt 
solutions. The iodine was freed by the oxidation of the potas- 
sium iodide by the nitrite. Here also are conditions, resulting 
in the presence of nascent oxygen from the nitrite, which in 
the presence of acid as a hydrolytic agent may have attacked 
even the starcli, thus setting up the hydrolysis which formed 
erythrodextrin. Very dilute sulphuric acid in the cold has 
little effect of itself on starch or dextrin, and the slight amount 
of erythrodextrin produced, as indicated by the colors men- 
tioned, would suggest the possibility that amidulin was present 
in the starch used, as an impurity. 

It remains to thank Professor Gooch for his many useful 
suggestions. 

* Ann. Phys., ccix, 57. 
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Art. XX XIII].— Note on the Possibility of a Colloidal State of 
Gases; by C. Barus. 


1. IN a survey of the diffusion rates of nuclei derived from 
the same source and under otherwise like conditions, but sus- 
pended in different media (i. e., in air saturated with different 
vapors), the occurrences may be classified with reference to 
two extreme types: The first includes vapors derived from the 
strongly ionizing liquids like water, methyl alcohol, ethyl 
alcohol, ete. In these cases the coronas obtained on suc- 
cessive condensation by the exhaustion method are always 
regularly annular, or at most distorted in color only. With 
water vapor the coronas do not even show color distortion. 
With the alcohols the coronas may show the colors of two suc- 
cessive coronas* in the upper and the lower halves of the same 
rings, but there is no distortion of form appreciable. 

he second type of phenomena are observed with vapors 
derived from the non-ionizing liquids, like the hydrocarbons 
gasolene, benzine, ete., carbon bisulphide, benzol, toluol, etc., 
in which the successive coronas show gradually increasing dis- 
tortion of form. If the original corona is annular and the 
distribution of nuclei therefore uniform, the following coronas 
pass through campanulate distortiont and finally become mere 
color strata. 

2. The effect of the successive precipitations is a disturbance 
of the original homogeneous nucleation. The degree to which 
the uniform distribution will be kept up depends, therefore, 
on the rate of diffusion of the nucleus. It follows that the 
nuclei of the first group must diffuse very rapidly so that all 
parts of the receiver continually contain about the same num- 
ber per cubic centimeter. The effect of removal of nuclei by 
loading is thus quickly wiped out. On the other hand, the dif- 
fusion of nuclei in the second group (non-electrolytic solvents) 
is enormously slow, by comparison. It is quite possible to 
observe the air in the lower half of the receiver full of nuclei, 
while the upper half is air free from nuclei, or to bring about 
other similarly stratified conditions evidenced by semi-coronas, 
quarter coronas, etc. Indeed when foreign nuclei are intro- 
duced they are usually seen on exhaustion to be distributed in 
layers, usually in couches immediately over the surface of the 
liquid. The rates of diffusion are here easily measured and of 
the order of ‘01 to ‘02 cm/sec. ; whereas in the case of electro- 
lytic solvents, measurement is difficult, not only because the 
diffusion is over 100 times faster, but because the advance of 


* This Journal, xiii, p. 81-94, 1902. +Ibid., xiii, pp. 309-312, 1902. 








C. Barus— Possibility of a Colloidal State of Gases. 401 


nuclei into pure air is a branched design, like the roots of a 
tree. Finally, upless the vapor tension of the liquid is too 
small (as in petroleum), only normal coronas* need be expected 
to occur in the cases of the vapors of non-electrolytes. 

3. It follows from all this that the nuclei derived from the 
same source and under otherwise like conditions must be rela- 
tively very small in case of the vapor of an ionizing liquid, 
and relatively very large in case of the vapor of a non-ioniz- 
ing liquid. So far as its apparent origin is concerned, the same 
nucleus differs enormously in size with the medium in which 
it is suspended. It must consist, moreover, of clusters of 
many molecules, the clusters having a given average size for a 
given vapor. 

4. The next inference to be drawn is some notion of the 
chemical composition of these nuclei. For convenience merely, 
they are usually supplied by introducing into the receiver air 
which has passed over phosphorus, or burning sulphur, of a 
flame, or glowing charcoal, ete. They may be obtained, how- 
ever, without putting anything material into the receiver, by 
passing the X-rays through it. So far.as the behavior of the 
resulting nucleus here in question is concerned, there is no 
qualitative difference. Hence one must look upon the gaseous 
contents of the receiver as containing the stuif out of which 
the nuclei are made. The inquiry is thus narrowed down to 
this: which of the gases involved (air and vapor) is made col- 
loidal in the manner specified. If the air be selected, then 
there is no immediate reason for the enormous difference of 
size of nuclei of the same origin in electrolytic and non-elec- 
trolytic solvents. If the vapor be selected, then the difference 
of size corresponds to the electro-chemical differences of the 
liquids. But it is quite premature to attempt further decision 
than to state that clusters of gaseous molecules of specific aver- 
age size are aggregated in each medium. 

I have already called attention+ to the similarity of this 
aggregating behavior of the nucleus to that of particles of 
clay suspended in the corresponding liquids, or to many col- 
loids. It does not, therefore, seem unreasonable to look upon 
the nucleated gas in the receiver as possessing properties which 
may be summarily referred to as a colloidal state of the gas in 
question. 

5. The agency which holds the nucleus or molecular cluster 
together is presumably the electron. One should, therefore, 
anticipate greater conductivity in case of the much more 
mobile nuclei of the first type (vapor of ionizing liquids) than 
in the sluggishly moving nuclei of the second type (non-ioniz- 
ing liquids), though it is not certain that the electron resides 


* This Journal, xiii, pp. 81-94, 1902. + Science, xv, p. 517, 1902. 
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permanently with the same nucleus. One may note that the 
smallest nuclei occur in liquids of greatest,.the largest nuclei 
for liquids of least specific inductive capacity, an inference 
already drawn for ionizing solvents in a different connection 
by others (ef. Nernst’s Theoretische Chemie, p. 365). 

Finally, the order of condensation here implied should be 
noticed: the electron by its mere presence condenses the 
nucleus or molecular cluster, the latter being always so small 
an aggregation of molecules as to remain optically quite inap- 
preciable. The nucleus (for Kelvin’s thermodynamic reasons) 
condenses the visible water globules of the coronas seen on 
exhaustion. The uniformity of nuclei obtained by shaking 
liquids may also be thus accounted for, supposing that the 
available electric charges are produced by friction. Their per- 
sistence in the presence of electrolytes (HCI, etc.) follows 
more naturally than by the concentration hypothesis adopted 
provisionally, elsewhere. An interesting feature is the side 
light thrown on the nature of cohesion. In the nucleus the 
electron is saturated wholly or partially by a definite average 
number of molecules, small in electrolyzing and large in non- 
electrolyzing liquids. However the nucleus may be produced, 
whether from phosphorus, the flame, etc., from a charged 
point, by the X-rays, etc., or from a comminuted electrolyte as 
in shaken nuclei,* it is conceived to be a molecular cluster held 
together by one or more electrons. The cluster owes its dif- 
fusion velocity to molecular bombardment in the usual way. 
This velocity will, therefore, decrease as the conditionst favor- 
able to unilateral bombardment decrease, or as the nucleus 
increases in size from molecular dimensions, indefinitely. 

It seems to me that with these experiments one is approach- 
ing the true relations of the nucleus and the ion. Whether 
these relations will continue to hold for liquid electrolytes I 
hesitate to affirm: but if a definite ion must travel in a defi- 
nite solvent within a definite nucleus, then the present theory 
predicts Kohlrausch’s law and other allied facts which it is 
better to assert in connection with quantitative results. 

Brown University, Providence, R. I. 

* Science, xv, p. 426, 1902. 

+See my ‘‘ Experiments with Ionized Air,” Smithsonian Contributions, 
Washington, 1901. 
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ArT. XXX1IV.—Some Glacial Remains near Woodstock, Con- 
necticut ; by Jutius Wooster EGGLESTON. 


THE glacial drift near Woodstock, Connecticut, assumes, 
within a comparatively limited area, forms so numerous and 
varied as to render this locality an exceptional one for study. 
The topography here owes its characteristic features to the 
work of the continental glacier. Woodstock is situated on a 
long, smooth ridge of hard gneiss and quartzite, trending nearly 
north and south at an elevation of 619 feet above sea-level. 
To the east, one looks across a trough-like valley somewhat 
over three hundred feet deep and two miles broad, to another 
ridge of equal height and like character. The crests of both 
ridges together mark the upland level, the uplifted peneplain 
of the physiographer. Eastward and westward are repeated 
north and south ridges, all nearly this same height and with 
valleys between, giving the country a somewhat linear charac- 
ter. In the bottom of the valley east of Woodstock lies Wood- 
stock or Senexet Pond. It is a deep body of clear, sweet 
water fed by springs and, from the north, by the somewhat 
doubtfully named inlet, Muddy Brook. It is about a mile and 
a quarter in length and five-sixteenths of a mile in width at its 
broadest part, tapering northward gradually to its inlet. South- 
ward it maintains its breadth for some distance and then 
rapidly narrows to a deep outlet which winds through narrow 
bordering meadows and broadens one-half mile southward into 
a smaller pond. The outlet of this lower pond winds a mile 
southward to the little village of Harrisville, where it passes 
between considerable hills, narrowing meanwhile sufficiently to 
permit of damming for milling purposes. Low meadows 
immediately adjoin the main lake on all sides except the south- 
eastern. Here for a third of its length, a bold flat-topped ° 
bank covered with pines rises almost abruptly somewhat over 
forty feet above the lake. A southern extension of it, sepa- 
rated by a tiny stream, is somewhat lower. Across the lake 
from here, but further back from the shore, the level top of 
another bank may be noted twenty feet above the water-level 
and traces of still another about the same distance above it. 
Northward, where the meadows broaden, the banks rise gradu- 
ally to about twenty feet. It is at this level that the most 
striking features of the region occur. These are knolls and 
ridges ranging from ten to thirty-five feet in height above the 

eneral level. They are in some instances beautifully moulded 
in rounded curves and all arranged more or less parallel with 
the trend of the valley. They occur frequently on both sides 
of the lake at the same general level, but are most abundant on 
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the northeastern border. 


Well back from these formations on 
the middle eastern side (and the western side as well), where 
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the meadows are particularly broad, may be traced gently slop- 
ing banks of drift rising to meet the wooded slopes of the 
border-ridge of the valley at about fifty feet above the present 
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lake-level. The woods are thickly strewn with glacial bowlders. 
Rounded hollows or basins, occasionally marshy, occur fre- 
quently between the knolls or upon the level top of the 
wooded bluff. To the north, a mile beyond the lake, may be 
seen a well-rounded lenticular hill with its longer axis set in 
the general valley-direction. It is known as Sampson’s Hill. 
These together constitute the important features of the region, 
and their general relations as well as the details of glacial 
topography on the east side of Woodstock Pond are shown on 
the accompanying map (fig. 1). 

The glacial hypothesis.—In studying a region of glacial 
action, it is well to keep clearly in mind the fact that at least 
two periods of work may be postulated—one when the ice- 
sheet actually covered the entire surface, and the other during 
its retreat, when its southern border moved northward. The 
work of the first would be due to the ice and the streams drain- 
ing it beneath. Such work consists mainly in the removal of 
all loose material and its deposition elsewhere. In some places, 
notably where small inequalities of surface-level occur, sub- 
glacial streams may deposit much of their burden of debris 
and their work become actually constructive. Supposing work 
of this kind to have continued throughout the glacial period, 
upon the retreat of the ice these accumulations of roughly 
stratified material in subglacial channels would be exposed as 
individual mounds or more or less linear groups of knolls and 
ridges. 

During the second period—that of retreat—all valleys more 
or less blocked with glacial debris would be flooded with water 
and many of these knolls and ridges drowned beneath the 
waters of swollen lakes. Much of their material. would be 
worked over by lake-waters and, if floating ice abounded or 
another slight glacial advance took place, a cap of coarser, 
unstratified material would be strewn over them. With the 
lapse of time, the passing of both periods, and the coming of 
the present, a topography might be expected which would be 
the resultant of all these factors. 

In the Woodstock area the topographic details are in entire 
harmony with the glacial theory. We have a trough-shaped 
valley evidently smoothed by some more powerful agent than 
water alone. Its bordering walls and the neighboring hills, all 
smoothed and rounded in a north-south direction, are witnesses 
to the abrasive force of a great, southward-moving sheet of 
ice. At the bottom of the valley are the remains of a lake 
known, even in the memory of man, to have been considerably 
larger but now slowly diminishing. It requires but little effort 
to imagine the time when the meadows were completely sub- 
merged and the three-hundred foot contour was the approxi- 
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mate shore-line. Another flight of the imagination and the 
shore-line stands at three-hundred-twenty feet. Still another 
would bring one to the time when the high three-hundred- 
forty foot level was maintained. 

Evidences of a flooded lake.—As witness to the truth of the 
hypothesis of a flooded lake with successive stages of draining, 
there is the evidence of the series of levels indicated by the 
flat-topped banks already noted. These surfaces are exactly 
what might be expected to arise as the lake-waters receded and 
exposed the bottom. The meadows, even now partly flooded 
in seasons of heavy rain, are quite level till near their border, 
where they rise gradually to the three-hundred foot contour in 
a manner exactly similar to a gently sloping lake-shore. The 
three-hundred-twenty foot level is only partially marked. 
There is a slight development of a flat-topped, narrow bank or 
terrace on either side of the lake to mark a possible halt at that 
stage. The three-hundred-forty foot level is much better 
marked. The great bank to the southeast is a terrace plainly 
marking a former shallow in the lake, when its waters stood 
just at that level. The basins on its surface are kettle-holes, 
hollows left by masses of stranded ice about which the waters 
heaped the gravel. The southern half of this bank may be a 
lower terrace at the three-hundred-twenty foot level, or pos- 
sibly it has been worn down by later action, from an originally 
higher level. Both portions consist of stratified sand and gravel 
brought from the hills by streams, the course of which may be 
indicated by the small surviving stream. This stream has 
worn a considerable valley down the hillside, though most of 
its coarse is at present lost beneath drifted bowlders. Both 
parts of the terrace are apparently matched by developments 
of equal height across the lake. 

Besides these terraces as evidences of higher level, there are 
the drift-banks well back from the middle eastern portion (the 
“arm” or “bend”) of the lake-shore. These without doubt 
mark the rise to high shore-level. Whether another level 
existed above them is not certain, but, jadging from the abrupt 
rise in the land beyond, it seems probable that there did not 
and that they mark the high-level of the expanded lake. This 
is about fifty feet above the present level. If such were indeed 
the high-level of the glacial Woodstock Lake, its extent must 
have been much greater than the present. It probably included 
the southern lake, possibly several smaller northern ponds, and 
much of Muddy "Brook. Its outlet was located near Harris- 
ville, where there is much probability of a deep obstruction of 
drift forming a dam between the hills. A length of four miles 
and a maximum breadth of a mile is a reasonable a tinea 
tion to the dimensions of the former lake. 
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Evidences of earlier glacial work.—The knolls and hillocks 
are the principal witnesses to the work of the earlier period— 
that of the ice and its draining streams. Sampson’s Hill to 
the north’ is undoubtedly a drumlin, a hill formed mainly of 
debris accumulated beneath and moulded by the ice. Its lens- 
shape with the longer north and south axis and its similarity 
to typical drumlins justify this opinion. It rises one-hundred- 
fifty feet above the knolls about the lake and is a beautiful and 
prominent landmark. Sampson’s Hill apparently marks the 
starting point from which the lines of hillocks shown on the 
map trail off. As the subglacial streams entered this part of 
the valley (probably existing at the time), for some reason a 
large amount of debris accumulated here, while the remainder 
was irregularly piled along the valley. Most of this latter 
deposition took place in irregular mounds and broken ridges or 
kames, but there are occasional very symmetrical mounds and 
at one place a short esker is developed extending seventy-five 
rods with a maximum height of thirty-five feet. A second, 
lower and broken ridge runs parallel to this and only eight 
rods west of it, with a considerable trench, or better a succes- 
sion of hollows, between. Both ridges arise at nearly the same 
point, but the eastern alone merits the name of esker. At 
their termination in what was apparently an arm of the glacial 
lake, both merge and fan out broadly with a gentle descent, as 
if the material had been deposited in standing water. The 
general direction of the esker is south (S. 3° W.) and it exhibits 
what has been noted with other eskers, a change of height 
with change of direction. This esker reaches the greatest 
height of any of the formations in the region mapped. It is 
noticeable that when grouped in broken lines or kames the 
ridges take the general esker-direction, except when quite near 
the present lake, where there is a tendency to turn towards it. 

Wherever any of these knolls have been excavated, they 
invariably show a main mass of roughly stratified sand and 
gravel frequently spread over with coarser unsorted material 
or till. Some of the sand layers are of extreme fineness and 
whiteness. The terrace likewise is coated with till in places, 
and, beneath layers of sand and gravel, layers of clay have 
been discovered. The till-covering of the kames and knolls 
was probably left by the melting ice-sheet, while that upon the 
terrace may have been deposited from masses of ice floating in 
the lake. 

Kettle-holes have been mentioned upon the terrace where 
they are most numerous, generally more or less oval in shape 
and ranging from three to ten rods in length and from a few 
to ten or fifteen feet in depth. Six of the most prominent of 
these are indicated upon the map and as many smaller ones 
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might be mentioned. Those lying near the edge of the ter- 
race have been drained down its slope. Kettles also occur 
among the knolls and kames of the more northern portion of 
the map. Here occur two large examples (kettles (@) and (4) 
on the map), respectively sixteen and eight rods in length and 
about twelve feet in depth. Both are now occupied by 
swamps. Besides these there are a number of smaller kettle- 
like hollows, together with the trench or run between the 
main esker and its parallel ridge. It is probable the ice 
lingered long in these hollows after the ridges were exposed. 
Mention should also be made of a small, muddy pond to the 
east near the border of the supposed arm of the glacial lake. 
It appears to occupy another kettle-hole or trough between two 
ridges. 

The above facts are the data at hand in this portion of the 
Woodstock region for the support of the hypothesis stated 
earlier in this paper, that the details of the topography of the 
area are the combined result of a period of ice-advance fol- 
lowed by one of retreat and consequent flooding and ponding of 
the blockaded valley. 


State School of Mines, Golden, Colo. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuyslIcs. 


1. Determination of Carbon in Steel.—The usual method for 
determining carbon in steel by combustion involves the prelimi- 
nary solution of the metal in ammonium cupric chloride or some 
other solvent. This: process is a long one, and there is some 
uncertainty in regard to obtaining all the carbon in the insoluble 
residue. ‘The fact that it is possible to determine carbon in steel 
by direct combustion will doubtless be welcomed by all steel- 
works chemists. Lerrier has succeeded in accomplishing this 
much-desired operation. A porcelain combustion-tube (20x14 
inches) containing a few inches of copper oxide is used. 24* of 
borings are mixed with 6% of red lead and transferred to a porce- 
lain boat (44 inches). The boat is put into the hot tube after 
the calcium chloride tube and potash-bulbs have been attached, 
purified air is passed through, while the part of the tube contain- 
ing the boat is raised to a very high temperature. This is accom- 
plished by using an asbestos arch, shaped like a muffle, in place 
of the usual tiles of the combustion-furnace. The asbestos is 
perforated with numerous holes for the passage of gas and air, as 
well as for the products of combustion, and over the part of the 
tube containing the boat a second, larger asbestos arch is placed 
for increasing the temperature at that place. With a good hot 
furnace the combustion is complete in half an hour, even when 
air only (24 liters) is passed through. When drawn from the 
hot tube, the contents of the boat can be easily scraped out with 
a suitable piece of metal, and the boat may be used over and 
over again. The use of borings which have passed through a 
sieve of 20 meshes to the lineal inch is recommended, but, by 
increasing the period of heating, fragments as large as peas and 
pieces of sheet steel have been satisfactorily burnt. Leffler gives 
many results of combustions made by the direct method, which 
are compared with the old method. ‘These are very satisfactory, 
with a tendency, as might be expected, for slightly higher results 
with the direct process.— Chem. News, |xxxv, 121. H. L. W. 

2, New Synthesis of Methane.—Marsh-gas, or methane, CH,, 
has been formed by the action of a mixture of carbon bisulphide 
and hydrogen. sulphide upon red-hot metallic copper; by the 
ignition of barium formate, the latter having been prepared from 
potassium formate produced by the slow absorption of carbon 
monoxide by caustic potash ; by the action of a mixture of car- 
bon bisulphide and water-vapor on metallic iron; by the action 
of hydriodic acid gas upon carbon disulphide ; by the action of 
hydriodic acid upon phosphonium iodide in a sealed tube at 
120-140° ; by the action of electric sparks upon a mixture of 
carbon monoxide and hydrogen ; and by the action of water 
upon aluminum carbide and other carbides. Sesatier and 








410 Scientifie Intelligence. 


SENDERENS have now produced this gas by the action of finely 
divided metallic nickel upon mixtures of hydrogen and carbon 
monoxide or of hydrogen and carbon dioxide. In each case the 
only products are methane and water vapor. In the case of car- 
bon monoxide the reaction takes place readily at 250°, but it 
ceases when the temperature is allowed to fall below 180°. A 
slightly higher temperature is required for the reduction of 
carbon dioxide. ‘Ihe nickel used for this purpose should be 
freshly reduced at a temperature approaching 300°.— Comptes 
Rendus, exxxiv, 514. H. L. W. 

3. Calcium silicide——Moissan and Dittney have re-investi- 
gated the compound CaSi,, which was first obtained by Wohbler, 
and has since been prepared by several other chemists, but with 
conflicting statements in regard to its properties. The method 
of preparation consisted in heating an intimate mixture of equal 
weights of silicon and calcium oxide in a carbon tube in an elec- 
tric furnace. It is necessary to interrupt the heating as soon as 
the mass has fused, for the prolonged action of carbon on the 
fused mass gives calcium carbide, and finally silicide of carbon. 
The following reaction takes place : 

2CaO +58i = 2CaSi, +SiO,, 

The silica unites with the excess of lime, forming calcium sili- 
cate. The calcium silicide thus produced has a metallic appear- 
ance and forms brilliant crystals of a grayish color.. Its specific 
gravity is about 2°5. When heated in the air it is only super- 
ticially oxidized, but it burns when exposed to cold fluorine and 
when heated in contact with chlorine, bromine and iodine. Water 
acts slowly upon the powdered substance with the evolution of 
hydrogen. Cold, concentrated hydrochloric acid attacks the 
substance with the production of a mixture of hydrogen and 
hydrogen silicide, while the dilute acid produces with it only 
hydrogen.— Comptes Rendus, exxxiv, 503. H. L. W. 

4, Specific Heat, and Volumetric Determination of Vanadium. 
—Martienon and Monnet, by the use of iron-vanadium and 
aluminum-vanadium alloys have obtained the values 1258 and 
‘1235 for the specific heat of vanadium. These values taken in 
connection with the accepted atomic weight, 51, give the values 
6°4 and 6°3 for the atomic heat, which are in accordance with 
Dulong and Petit’s law. The authors state that they determine 
vanadium very simply and accurately by oxidizing V,O, to V,O,, 
by means of potassium permanganate. The reduction is made 
by a current of sulphur dioxide in sulphuric acid solution ; then 
the excess of the gas is boiled off. The end of the reaction in 
the titration is very sharp and the color is persistent. Aluminum 
does not interfere with the determination. In the case of the 
iron vanadium alloy the separation of iron was effected by fused 
potassium hydroxide, or better by attacking the powdered alloy 
directly with sodium peroxide. . The latter operation gives a rapid 
separation and it is recommended for the determination of vana- 
dium in steels, ete.— Comptes Rendus, exxxiv, 542. H. L. W. 
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5. Presence of Tellurium in American Silver.—An account is 
given by VincEnT of the detection of tellurium in some ingots of 
silver, which came to France from America. The silver was of 
high fineness, but it was very brittle, and it cracked when it was 
rolled. It was, therefore, fused with five per cent of potassium 
nitrate, and after two such treatments it presented the usual 
degree of malleability. The slag produced by the fusions just 
referred to, upon examination, was found to contain tellurium, 
but no selenium. The result shows that a small quantity of tel- 
lurium has a profound effect upon the physical properties of 
silver.— Bulletin, xxvii, 23. H. L. W. 

6. Dissipation of Electrical Charges by Vapor.—In a paper 
published in 1886, Exner attributed atmospheric electricity to 
the carrying of electricity by rarified water vapor from the 
earth’s surface into the upper regions of the atmosphere. In 
support of this hypothesis, Mascart claimed to have shown that 
the vaporization from an electrified layer of water is greater 
than from an unelectrified one. L, J. Blake, however, had been 
led to an opposite conclusion. Pellat confirmed Mascart’s 
result, and showed a source of error in Blake’s investigation. 
Hans BecceErow has now examined the question with all possible 
modern refinements, and concludes that electrification has no 
influence on the vaporization of layers of water, solution of car- 
bonate of soda, alcohol, ether, solution of acetic acid, acetic acid, 
saltpeter acid, and quicksilver ; both positive and negative charges 
were used.—Ann. der Physik, No. 3, 1902, pp. 494-515. J. T. 

7. Hertzian Waves in Storms.—M. Firmin LarroguetE dis- 
covers that with very distant thunder storms the suppression of 
the horizontal plate of his receiving apparatus rendered the sys- 
tem inert, and the vertical portion of the apparatus had no effect 
upon the sensibility of the apparatus. He concludes that in this 
case the electrical oscillations are horizontal. If the storm was 
not more distant than 300 kilometers the inverse effect. was 
observed. This experiment seems to show that the electrostatic 
surgings over the surface of the earth play an important part in 
wireless telegraphy.— Comptes Rendus, March 24, 1902. J. T. 

8. Electric Waves in Coils.—Emu Livin connects a coherer 
to one end of a coil of wire, and, after the making or breaking of 
a battery current through the coil, measures the resistance of the 
coil. In another experiment he extends a wire from the end of 
the coil, and stretches another independent wire parallel to this 
end wire; the independent wire contains a coherer. He finds 
maxima and minima along this latter wire and measures the 
wave lengths. He points out the bearing of his results on dis- 
turbances in the Marconi receiving circuit, caused by the coils of 
the relays.— Ann. der Physik, No. 3, 1902, pp. 584-588. J. 7. 

9. Measurements of Wave Lengths in the Sun’s Spectrum.— 
A. Perot and Cu. Fasry have compared 33 lines in the sun’s 
spectrum, directly with the green cadmium lines wave length, 
508°58240uu according to Michelson. Their first results differ 


Am. Jour. So1.—FourtH Series, Vou. XIII, No. 77.—May, 1902. 
28 





412 Scientific Intelligence. 


from Rowland’s, principally in the tenth place of one wave length. 
They show that Rowland’s determinations of consecutive wave 
lengths are very close and accurate, but that there are systematic 
errors in wave lengths far removed from each other.— Comptes 
Rendus, exxxiii, p. 153, 1901. J. &. 

10. Spectrum of Gases at High Temperatures.—At the late 
general meeting of the American Philosophical Society held in 
Philadelphia, April 4, Professor TROWBRIDGE gave an account of 
his work on the dissociation of gases at very high temperatures. 

The same spectrum is obtained with very powerful electric 
discharges in oxygen, hydrogen, and rarified air. This spectrum 
becomes a continuous one in the less refrangible portion. The 
spectrum of. argon can be obtained in tubes very carefully filled 
with hydrogen, and probably arises from minute traces of air. 
Singular dark lines, due to some selective reversibility in the 
silver salt, are also noticed in the spectrum of water vapor. One 
very marked one occurs at approximately wave length 4227. A 
longer account of dissociations at high temperatures will soon be 
published in this Journal. J.T. 

11. Wireless Telegraphy ; by G.W. pr TunzEtmMann. Second 
edition. Pp. 104. London, 1902 (Office of Knowledge).—This 
is a simple and popular account of a subject which at the present 
time occupies a position of peculiar interest before the public. 

12. The Laws of Radiation and Absorption. Memoirs by 
Prévost, Stewart, Kirchhoff, and Kirchhoff and Bunsen. Trans- 
lated and edited by D. B. Brace, Ph.D. Pp. 131. New York, 
1902 (The American Book Company).—The series of Scientific 
Memoirs, under the general charge of Professor Ames, to which 
attention has been repeatedly called in these pages (see vi, 199, 
504; viii, 400), has recently been enlarged by this volume on the 
Laws of Radiation and Absorption, edited by Professor D. B. 
Brace. It contains translations of the classical memoirs by 
Prévost, Stewart, Kirchhoff, and Kirchhoff and Bunsen. A brief 
biographical sketch of each author is also given, and finally a 
bibliography of leading papers on the subject. Physicists will 
be gratified to learn that the continued publication of volumes in 
this most useful series is to be looked for. 

13. Beitraege zur chemischen Physiologie und Pathologie, 
herausgegeben von F. Hormetsrer. II. Band, Heft 1/3. Braun- 
schweig, 1902 (F. Vieweg und Sohn).—The present number of 
Hofmeister’s Beitraege contains seven communications from 
almost as many laboratories, Of particular interest is an experi- 
mental contribution by Hugo Wiener of Prag, in which the syn- 
thetic formation of uric acid in both birds and mammals is appar- 
ently demonstrated. Pauli and Rona have presented the first 
part of an extensive investigation on the behavior of colloids 
(gelatin). A paper by Kraus and Sommer gives new evi- 
dence that the so-called “fatty degeneration” in phosphorus 
poisoning is to be interpreted as an infiltration process. The 
Beitraege contain further papers on the chemistry of malignant 
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growths (Petry); on the physiology of the pancreas (Herzog) ; 
on the poison of spiders (Sachs) ; on the chemical nature of abrni 
(Hausmann) ; and on the differentiation of animals upon the basis 
of chemical differences in their muscle-plasma (Przibram). 

L. B. M. 


II. GroLtogy anp Naturat History. 


1. Geologicai Commission Cape of Good Hope. Gero. §. 
CorstorrHIneE, Geologist. Annual Reports 1898 and 1899.— 
The annual reports of the Geological Commission of the Cape of 
Good Hope describe general reconnaissance work covering a large 
part of Cape Colony. The Carboniferous conglomerates have 
received particular attention and the “evidence of glacial action 
in the Dwyka Conglomerate has accumulated to such an extent 
that doubt can no longer remain that the rock owes its pecu- 
liarities to such action.” ‘The Transvaal conglomerates, asso- 
ciated with the coal, are also unmistakably of glacial origin.” 

2. Western Australia.—-Annual Progress Report of the Geo- 
logical Survey, 1900, 34 pp., Perth; Wm. Watson, Govern- 
ment Printer.—The operations of the Western Australian survey 
for 1900 were for the most part confined to mining and water 
resources. 

3. Sulphur, Oil and Quicksilver in Trans-Pecos, Texas. Uni- 
versity of Texas Mineral Survey, Wm. B. Putcutrs, Director. 
Bull. No, 2. 43 pp.—Perhaps the most important work done by 
the Texas Mineral Survey during the year 1901 was the examina- 
tion of the sulphur deposits of El Paso County, which were 
found to be of considerable commercial importance. As to the 
origin of the sulphur, “the richer bluish ores have been formed 
from sulphur waters at a time when they were above ground, 
and probably through the agency of certain alge which are 
plentiful in the sulphur springs to-day.” 

4. Untersuchung einiger Gesteinssuiten gesammelt in Celebes ; 
von C. Scumiptr (Anhang z. Materialien zur Naturgeschichte der 
Insel Celebes von P. und F. Sarasin; vol. iv, Geol.-Geog. Beschreib., 
4°, pp. 28, Wiesbaden, 1901).—The rocks described in this paper 
were collected by the Drs. Sarasin in their explorations. Short 
descriptions are given of the microscopical examination of a num- 
ber of kinds from various localities, the rocks comprising various 
lavas, massive.rocks and crystalline schists of well known types. 
The greatest interest attaches to a suite from the mountain group 
of the Peak of Maros near Macassar, where the investigation of 
both material in place and transported stream bowlders shows 
that a magmatic center of foyaite-ijolite rocks occurs. Among 
the lavas are found trachytes, both of Drachenfels and Ponza 
types, phonolite (which forms the top of the peak), glassy ande- 
site and basalts including leucitic varieties. Related rocks are 
bostonite porphyry and gautéite (Hibsch.), which were not found 
in place but are believed to represent the related dike rocks. The 
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massive granular rocks comprise several varieties of shonkinite, 
which, as pointed out by the author, are remarkably similar to 
the Montana types both chemically and mineralogically. We 
append the results of the analyses of the various rocks. 


SiO. Al,O; Fe.0; FeOQ MgO CaO Ma.0O K,O TiO. P.O; Total. 

47°65 19°32 3°93 4°92 3°90 6°15 3°58 4°61 5: 0°75 1°23 101°19 
57°15 19°13 3°24 2°04 2°25 2°90 4°15 7°05 1° 0°38 0°38 100°19 
61°45 19°64 2°19 0°22 1°00 0°60 4°10 7: ‘ 0°40 99°55 
58°00 22°52 1°37 1°01 0°85 0°90 6°93 7: . 0°19 101°20 
61°15 22°07 1°05 1°02 0°40 0°75 5°86. 7° : O20 ..-~  100°92 
55°52 20°05 2°52 2°40 2°10 3°15 3°44 7% . 0°70 0°51 99°30 
48°05 13°94 2°67 5°98 7°81 7°25 2°72 6: . 1°10 1°15 98°89 
50°15 15°86 2°44 5°39 5°30 840 4°13 5° ; 1°00 0°86 100°03 
52°80 19°99 3°63 3°40 3°20 4°22 3°10 7: : 1°00 0°70 100°96 


1, “ Trachydolerite” from Kau, 8 kil. N. of Maros Peak. 2, 
“‘ Vitrophyric trachydolerite.” Bowlder 3 kil. N. of Maros Peak. 
8, “Trachyte ” (Ponza type), bowlder in brook of Gentungan, 5 
kil. S.W. of Maros Peak. 4, ‘‘ Phonolite” Top of Maros Peak. 
5, “ Bostonite” bowlder in brook at Gentungan. 6, “ Gauiéite ” 
bowlder at Gentungan. 7 and 8, “Shonkinite” same loc. 9, 
“Shonkinite with syenitic habit.” Same loc. Above analyses 
by Dr. Hinden. 

In addition bostonite-phonolite breccias and trachytic tuff or 
trass are mentioned. A more complete description of this inter- 
esting series is promised in the future. L. V. P. 

5. Notes on Corals of the genus Acropora (Madrepora Lam.) 
with new Descriptions and Figures of Types, and of several New 
Species ; by A. E. Verriti. Trans. Conn. Acad., vol. xi, pp. 
207-267, 7 plates, January, 1902.— This memoir includes a 
revised list of about 120 species studied by the author, with their 
distribution, and very detailed descriptions and figures of a con- 
siderable number of the original type specimens of species for- 
merly described by Dana and the author, and of several new 
species. The figures are excellent reproductions of photographs, 
most of them considerably enlarged to show the details of struc- 
ture. 

6. A Course in Invertebrate Zoology. A Guide to the Dissec- 
tion and Comparative Study of Invertebrate Animals ; by Henry 
SHERRING Pratt, Ph.D. xiiand 120 pages. (Ginn & Company.)— 
A glance at the preface shows that the author’s ideas as to what 
such a laboratory guide should be have arisen from practical 
experience in teaching, anj an examination of the body of the 
work convinces one that these ideas have been admirably carried 
out. The directions for the dissection of each of the thirty-four 
types are so complete and independent that shorter or longer 
courses can be planned, the forms taken up in any desired order 
and the microscope used or not as is convenient. Almost the 
entire attention is given to directing the student in his work, and 
statements which can be made by the teacher to the class as a 
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whole are omitted. One great advantage which this book pos- 
sesses over most of its kind lies in the fact that organs are taken 
up in such sequence that one specimen should suffice for the 
entire dissection. R. W. H. 


III. MiscetLangous ScrentiFic INTELLIGENCE. 


1. Wational Academy of Sciences.—The annual meeting of the 
National Academy of Sciences was held in Washington, April 
15-18 ; it was largely attended and full of interest. Professor 
Alexander Agassiz, elected President of the Academy a year 
since, presided during the sessions. The following gentlemen 
were elected members : William W. Campbell of Mt. Hamilton, 
California, George E. Hale of Chicago, C. Hart Merriam of 
Washington, D. C., William Trelease of St. Louis, Missouri, 
Charles R. Van Hise of Madison, Wisconsin. 

The titles of papers presented for reading are as follows : 


Henry F. Ossorn: Evolution of the Titanotheres III ; models and resto- 
rations. Homoplasy and latent homology. A correction. Evidence that 
North America and Eurasia constituted a single zoological realm during the 
Mesozoic and Cenozoic, and that correlations can be established as a basis 
for uniformity of geological nomenclature. 

ApHevs 8. PackarRD: Monograph of the bombycine moths of America, 
including their transformation ; with a revision of the known genera. Part 
III. Sphingicampide. 

ALEXANDER AGassiz: On the coral reefs of the Maldives. On the theory 
of the formation of coral reefs. 

J. McK. CatrEtL: Psychophysical fatigue. 

Epwarp L. NicHoLts: On some optical properties of asphalt. 

CuHar.Es S. PetrcE: The classification of the sciences. The postulates of 
geometry. The color system. 

Witu1am SELLERS: The compulsory introduction of the French Metrical 
System into the United States. 

Asapu Hat: The disintegration of comets. 

Ina Ipsen STERNER: A new computation of the coefficients of precession 


and nutation. 
E. C. PickerinG: The distribution of the stars. The variability in light 


of Eros, 
H. P. Bowpitc#: The physiological station on Monte Rosa, 


James M. Crarts: On catalysis. 
T. W. Ricnarps: The atomic weight of cesium. The significance of 


changing atomic volume. 
Epwarp W. Mortey: Determination of the weight of the vapor of mer- 


cury at temperatures below 100°. 
ARTHUR SEARLE: Biography of Professor William A. Rogers. 
Henry L. Aspot: Biographical memoir of General J. G. Barnard. 
Joun S. Brtuines: Biographical memoir of General Francis A. Walker. 
C. A. Wuirs: Biographical memoir of J. S. Newberry. 
S. C. CuanpLerR: The present aspect of our knowledge as to the constant 


of aberration. 


2. American Association for the Advancement of Science.— 
The fifty-tirst meeting of the American Association for the 
Advancement of Science will be held at Pittsburg, Pa., June 28th 
to July 3d. In connection with this meeting Dr. I. C. White 
proposes to guide a party for a week in the study of the Coal 
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Measures, and Mr. M. R. Campbell will conduct an excursion to 
the abandoned channels of the Monongahela River. 

3. National Bureau of Standards.—In Circular of Informa- 
tion, No. 1, S. W. Strarron, Director of the National Bureau of 
Standards, announces the organization of the bureau and explains 
the work which it is prepared to do at the present time. 

4. The Centenary of Hugh Miller.—It is proposed to commemo- 
rate the 100th anniversary of the distinguished Scotch geologist, 
Hugh Miller, who was born at Cromarty, on the 10th of October, 
1802. The committee having the matter in charge hope to secure 
funds sufficient to justify the foundation of a Hugh Miller Insti- 
tute. Subscriptions may be sent to John M. Clarke, State Hall, 
Albany, N. Y. 

5. Ostwald’s Klassiker der Exakten Wissenschaften. Leipzig, 
1900-1901 (Wilhelm Engeltmann).—The following are recent 
additions to this valuable series : 

Nr. 119. Versuch tiber die Hygrometrie (II. Heft 1783); von Horace Béné- 
dicte de Saussure. Pp. 170. 

Nr. 120. Die Anatomie der Pflanzen (I. und II. Theil): von Marcellus Malpighi 
(London 1675 and 1679). Pp. 163. 

Nr.121. Versuche iber Pflanzenhybriden (zwei Abhandlungen 1865 und 1867); 
vou Gregor Mendel. Pp. 62. 

Nr. 122. Sechs Beweise des Fundamentaltheorems iiber quadratische Reste ; 
von Carl Friedrich Gauss. Pp. 111. 

Nr. 123. Einige geometrische Betrachtungen (1826); von Jacob Steiner. Pp. 
125. 

6. British Association Meeting at Glasgow, 1901. Discussion 
on the Teaching of Mathematics ; edited by Joun Perry. (The 
Macmillan Co.) Pp. 101.—An exhaustive report of a full and 
thorough discussion contributed to by thirty-two of the most 
able and experienced educators of England. Any teacher of 
mathematics who feels himself in danger of dry rot should secure 
the book. 

The two points brought out with special emphasis and una- 
nimity are that the elementary notions of the Calculus and 
Analytical Geometry should be taught to school boys as early as 
formal Geometry and that England must get rid of the study of 
Euclid. Ww. B. 

7. The Basis of Social Relations ; by Dantet G. Brinton, 
A.M., M.D., LL.D., Sc.D. Edited by Livinestron Farranp. 
New York: G. P. Putnam’s Sons. Pp. 204.—At his death (1899) 
Dr. Brinton had this work approximately complete, and the 
editor has made only slight changes in it. The doctrine of 
the psychological unity of man is plainly stated and the varia- 
tions resulting from physiological and pathological causes 1s 
explained in some detail (pp. 23-123). Part II deals with the 
Natural History of the Ethnic Mind and contains chapters on 
the Somatic Environment, the Social Environment, and the Geo- 
graphic Environment. The book commends itself to the general 
reader and has an added interest in the fact that it is the last 
word of one of America’s most distinguished ethnologists. 
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mines at Texas, Lancaster Co., Pa. 
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nicely shaped specimens, . . ; ° - 50c.-$6.00 
Brucite, finely crystallized and also dlenvage, P . - 50c.-10.00 
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Just out: 


THE NEW PENFIELD COLLECTION OF CRYSTAL-MODELS 


225 models to illustrate Chapter V of the 
Brush-Penfield Determinative Mineralogy and Blowpipe Analysis. 


“A feature of the collection is that with only a few exceptions the models rep- 
resent prominent types or habits of common minerals. . . . The models, moreover, 
illustrate a very important feature of crystals, namely that the forms which are 
prominent and determine the crystal habit are, with few exceptions, those to 
which simple indices may be assigned. 

‘‘ Tt is certain that those who are studying crystallography will find it a great 
advantage to have at hand not only models which correspond to a standard text, 
but, also, types which have been carefully selected as representatives of the 
important classes of crystals in the mineral kingdom.”—SamvueL L. PENFIELD. 


New HAVEN, Conn., February 1, 1901. 
Collection of 225 models (of pear-tree wood), . . ‘ 230 Marks. 


Now ready: 


The new collection of 335 specimens and sections 


of rocks, 
according to 


H. Rosenbusch: Elemente der Gesteinslehre, 2d ed., 1901, 


Accompanied by a text-book: “ Petrographisches Praktikum,” giving a short 
description of the petrographical microscope and how to use it, and also of the 
macroscopical and microscopical features of all the specimens of this collection ; 
Arranged by Prof. Dr. K. Busz of Miinster i, W. 

This collection is intended for the practical use of students and contains typical 
representatives of all important types of rocks, massive as well as sedimentary 
and crystalline schists. Aided by the text-book it will be found easy to become 
acquainted with the use of the microscope, with the features exhibited by rock- 
forming minerals and with determination of the latter. 

Out of this collection two smaller ones have been arranged of 250 and 165 
specimens respectively : 


Collection I. 335 specimens of rocks, . ‘ ° . 380 Marks. 
5 Is, 335 thin sections, . : ; : ; 420 * 
II. 250 specimens of rocks, . : : ‘ 270 * 
II*. 250 thin sections, - ; ‘ ‘ : 310 « 

III. 165 specimens of rocks, . ° . ‘ iw .* 

III*. 165 thin sections, . ° " . ‘ 205 * 


Collections of Minerals, Fossils, Meteorites purchased for cash or 
exchanged. 


DR. F. KRRAN TZ, 


RHENISH MINERAL OFFICE, 


BONN-ON-RHINE, GERMANY. 
ESTABLISHED 1833. ESTABLISHED 1833. 








For rapidly and 
accurately 
determining 
Ash and 
Volatile 
Ingredients 


Patented 
Jan. Ist, 1901 





A few of its 
advantages : 


Uniform, rapid, 
charring, com- 
plete combustion. 


All gaseous 
products saved. 


A sure supply 
of air. 


No washing out of 
volatile substan- 
ces necessary, 


THE TUCKER APPARATUS 








No escape of air. 





COz determined 
without 
removing ash. 





Literature on 
application. 





This is only one 
of the many 
forms of Plati- 
num Apparatus 
made by us. 

Our “Data Con- 
cerning Plati- 
num, Ete.,” 
describes others, 
and is senton 
request. 





Let us know if 
you wish 

- anything made of 
Wa Platinum. All 

of our work 
hammered and 
guaranteed. 





BAKER & CO., 410 R. R. Ave., NEWARK, N. J. 
N. Y. OFFICE, 120 LIBERTY STREET 
Sole M’frs. of Howard Density Regulator, Shimer Crucible, and Tucker Apparatus, 





The American Journal of Science 


ESTABLISHED BY BENJAMIN SILLIMAN IN 1818. 


CONTRIBUTORS should send their articles two months before the time of issuing 
the number for which they are intended 


names of authors must be fully given. 


The title of communications and the 
Notice is always to be given when com- 


munications offered have been, or are to be, published also in other Journals. 
Thirty separate copies of each article will be furnished to the author free of 
They will be provided with a plain 


cost and without previous notice from him. 
cover (but with reference to volume and year). 


If the author orders separate 





copies, they will be understood to be in addition to the thirty mentioned above, and 
he will receive a bill for the extra expense involved, as also for that of a printed 
cover (with title, etc.), when this is specially ordered. These charges will conform 
to the following schedule; the rates will be somewhat increased if the article is 
accompanied by plates. 


No. Copies. 50 100 | ~— 200 





| | 300 500 
| 8 pages........... $1.75 | $2.25 | g2.75 | $3.25 | $4.25 
c 9 eee 2.75 25 | =6BTS 4.50 6.00 
CBee 3.25 4.00 5.00 5.75 7.60 


$2.25 $3.00 








THHE YALH REVIEW, 


A QUARTERLY JOURNAL FOR THE SCIENTIFIC DISCUSSION 
OF ECONOMIC, POLITICAL AND SOCIAL QUESTIONS. 


Published quarterly on the fifteenth of May, August, November and February 
Under the able editorial management of , 


Professors HENRY W. FARNAM. 
W. F. BLACKMAN, 
EDWARD G. BOURNE, 
JOHN C. SCHWAB, 
IRVING FISHER, 
and HENRY C. EMERY 
‘** Committed to no party, and to no school, but only to the advancement of sound 


learning, it aims to present the results of the most scientific and scholarly investiga- 
tions in history and political science.” 


Valuable features of the REVIEW are the department of Notes and the Editorial 
Comment on the current and live topics of the day. 


Subscription Rates, $3.00 per year, in advance. 
Single numbers, 75 cents. 


Sample copies sent free on application. To new subscribers back issues Vol. | 
to IV sent at $1.00 per volume unbound. 


THE TUTTLE, MOREHOUSE & TAYLOR CO., 


NEW HAVEN, CONN. 


THe TuTTLeE, MorEHOouSE & TayLor Co. are also printers of Scientific Works 
and Works in Foreign Type, in German, Greek, Hebrew, Arabic, Syriac, Sanskrit; 
printers of The Yale Literary Magazine; Catalogues of Yale University: The 
American Journal of Science and Arts: Journal of the American Oriental 
Society: Transactions of the Conn. Academy of Arts and Sciences; Germanic 
Philology; Biographies, Genealogies and kindred Works. 


THE PHILOSOPHICAL WORKS OF LEIBNITZ: 
With notes by GEorGE Martin Duncan, Professor in Yale University 
400 pp. 8vo, bound in cloth, $2.50. 


THE PHILOSOPHY OF KANT, 
In Extracts. Selected by Prof. Joan Watson, LL.D., Professor in Queen's 
University, Kingston, Canada. 194 pp. 8vo, paper cover, 90 cents 


Above works sent postpaid on receipt of price 
THE TUTTLE, MOREHOUSE & TAYLOR CO., 


NEW HAVEN, CONN. 








(e-NOTE CHANGE OF ADDRESS. 


LAZARD CAHN 


DEALER IN 


CHOICE SPECIMENS OF MINERALS, 


No. 36 Stuyvesant Place, New Brighton, Staten Island, N. Y. 


Scandinavian Minerals. 

Rare and interesting species from Swedish and Norwegian localities of note 
have been consigned to us and we are able to sell well crystallized specimens, 
quality considered, at unprecedentedly low prices. 

Loose Garnets from Nordland, 25 cts. to | Briggerite, Raade, $1.00 to $3.50. 

50 cts. | Monazite, Ruade, 20 cts. to $1.00. 
Garnets in matrix from Nordland, 60 cts, | Titanite groups, Krageré, 50 cts. to 

to $1.50. 

Malacon, from Hitteré, 10 cts. to 50 cts. | Aventurine Feldspars, Tvedestrand, 25 
Polycrase, groups of crystals, $1.00 to} cents to $1.00. 

$2.50. | Homilite, Langesundfiord, $5.00 to 
Aeschynite, from Hitteré, 50 cts. to| $10.00. 

$1.50. | Native Silver, Kongsberg, $1.50 to $3.00. 
Apatite, Krageré, 35 cts. to 75 cts. | Argenite, Kongsberg, $1.00. 

Columbite, 35 cts. to 75 cts. | Pyrochlore, Tvedestrand, $1.50 to $2.50. 


Other Late Arrivals. 

Large crystals of blue Corundum in matrix from Bozeman, Montana, $2.00 to $7.00, 

Galena Specimens of splendid quality from the Oro Mine, Breckenridge, Colorado, 
$4.00 to $10.00. 

Crystallized Coppers from Houghton Co., Michigan, showing the following forms: 
Octahedrons, cubes, rhombic dodecahedrons and tetrahexahedrons, 50 cts. 
to $7.50. 

Microlite, loose crystals from Amelia Court House, Virginia, from $1.00 to $2.00 
each. 

Hungarian Golds and Colorado Golds. 
Cripple Creek Tellurides and Boulder Tellurides. 
Sand-Lime Crystals from the Bad Lands and from Fontainebleau. 


Chilian and Bolivian Minerals. 

Kréhnkite in large crystals is new; the demand has been so great that we have 
but three specimens remaining. We have a few crystallized stannites, galenas, 
pyrites, barites, atacamites, selenites, chalcanthites, amarantites, copiapites and 
Roemerites. 

Rare Species. 
Griinlingite, Cryst. Clinohedrite, Roeblingite, 
Glaucochroite, ss Leucophoenicite, Vandiestite, 
Nat. Tellurium, Melanotekite, Chenevixite, 
Argyrodite, Pyrochroite, Roscoelite, 
Uranocircite, Sartorite, Tabasheer, 
Josephinite, Wagnerite, Cuprogoslarite, 
Annabergite, * Bixbyite, Ettringite. 
On account of their beauty and general merit the following are worthy of especial 
recommendation. 
Blue Topaz with Smoky Quartz and Albite, from the Urals, $75.00. 
Rubellites from California, doubly terminated, $2.00 to $250.00. 
Tourmalines, green and pink, Haddam Neck, Connecticut, $5.00 to $200.00. 
Native Silver with or without copper, Houghton Co, Michigan, $2.00 to $15.00. 
Groups of Enormous Crystals of Datolite, from Lake Superior, $10.00 to $20.00. 
Axinite, Dauphiné, France, from $3.00 to $12.50. 
Wulfenite, Yuma Co., Arizona, $15.00. 
Blue Beryl in. Quartz, Topsham, Maine, $15.00. 
Herderite, Auburn, Maine, $2.00 to $20.00. 
Manganite, Negaunee, Michigan, $2.00 to $15.00. 


INSPECTION INVITED. CORRESPONDENCE SOLICITED. 











